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PREFACE. 

The classification of our rocks is in great part historical, the 
names adopted for the various subdivisions being those given by 
the geologists who defined the subdivisions. In the case of the 
Cambrian and Silurian rocks, there are some who wish to 
abandon the historic classification in favour of one which they 
consider to be more natural. The object of this essay is to 
shew that the historical classification of the Cambrian and 
Silurian systems is also in reality the natural one, and that 
this cannot be said of any other nomenclature proposed. In 
order to do this, I have given a somewhat detailed account of 
the subdivisions of the two systems, in the countries where they 
are best known, so that the horizons where breaks have been 
drawn by different geologists may be compared with those of 
the typical areas of our own country. With the view of render- 
ing this still easier, lists of fossils occurring in the various groups 
have been given, which though by no means exhaustive, may 
nevertheless be found useful, being chiefly characteristic of the 
horizons under which they are placed. 

I have avoided giving tables shewing the percentage of 
fossils common to two subdivisions, as I consider that in the 
present state of our knowledge such tables are apt to be 
misleading, as the result obtained depends very much upon 
the method employed in drawing up such tables. 
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§ I. Introduction. 

Since the year 1831, memorable in the history of the Lower 
Palaeozoic rocks as the date when Sedgwick and Murchison 
independently set to work to unravel their structure, and to 
establish two systems from out of the confusion of the Grey- 
wacke, every year has added afresh to our knowledge of these 
rocks; but notwithstanding the numerous detailed accounts 
published, we are still fai* from possessing any definitely 
accepted nomenclature. 

As is well known, this confusion originally arose, on account 
of errors committed by the founder of the Silurian System, — 
in the words of an American geologist and an impartial judge, 
"The Silurian System of Murcjii^on was altogether incorrect, 
and was moreover based upon a series of stratigraphical 
mistakes which are scarcely paralleled ip the history of geo- 
logical investigation." 

Yet, rather than assign to the Silurian System, only those 
subdivisions to which Murchison was entitled to lay claim, 
geologists have been content to see absorbed into it one after 
another of the subdivisions of that grand natural system which 
was built up single-handed by Sedgwick, until either the whole 
of it has been thus taken, or a few hundred feet of slate only 
left as a tribute to the genius of the founder of the Cambrian 
System. 

For many years the claims of our late Professor were ignored, 
or at most passed over on the ground that it was too late to 
adopt his classification, as that of his opponent was now 
definitely accepted. Of recent years however, compromises 
have been offered which have had one beneficial result, viz. 
that of throwing the nomenclature of the lower Palaeozoic rocks 
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into a state of confusion ; and it is difficult to see how this state 
of affairs can be altered, except by the adoption of the true 
historic classification, which is accordingly being done by an 
ever increasing number of geologists. 

Sir R I. Murchison, as the Director General of the Geological 
Survey of Great Britain and Ireland, was enabled to get official 
recognition of his classification, and took full advantage of this ; 
it therefore behoves Cambridge geologists to use every effort 
towards the final establishment in its original state of the 
Cambiian System of the late illustrious Woodwardian Pro- 
fessor, 

Before proceeding to a full account of the results of the 
various classifications proposed, it will be of advantage to 
consider briefly the principles of classification, as used by our 
geologists. 

The essence of these principles is thus given by Sedgwick 
himself in his 'Introduction' to the British Palceozoic Bocks 
and Fossils: — ^*'The rocks of England are now so well known 
that a pretty good classification of them (from oldest Cambrian 
to newest Tertiary) might with a few exceptions, be made on 
physical evidence alone. In like manner (so soon as the long, 
succession of physical groups is known, and the palaeontological 
evidence has been put into coordination with it) an approximate 
classification of the whole English series might be made on 
purely palaeontological evidence. One would represent a 
vast succession of physical conditions — the other a similar 
succession of organic types ; and each might have its appropriate 
nomenclature. Nature has been so true to her workmanship, 
that the two would, with a few exceptions, run harmoniously 
together. But in the actual state of our information, we have 
done well constantly to use both kinds of information (physical 
and palaeontological) : and in both together has our best, and 
our only consistent and secure nomenclature been founded. If 
it be true that experienced geologists have sometimes, from the 
neglect of palaeontology, blundered in the arrangements of the 
physical groups ; it is equally true that very expert palaeonto- 
logists, fi'om some mistake of arrangement among the physical 
groups have sometimes blundered in their palaeontology. The 
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double kind of evidence above described has seldom been lost 
sight of with impunity." 

Since the above was written, several attempts have been 
made at diflferent times to classify portions of our British Series 
on palaeontological evidence only, and some of the difficulties 
incurred by such an attempt will be presently pointed out. 
But in the first place it may be remarked, that of the two 
kinds of evidence, the physical is decidedly the more important, 
because after all, palaeontological change is dependent upon, 
and must therefore be accompanied by physical change, it is in 
fact the result of physical changes acting upon organisms. 

The physical changes which are of importance as assisting 
classification are as follows : — 

1. Elevation and Denudation, which give rise to 

(a) Unconformities between two groups of rocks. 

(b) The formation of shore-deposits a^ conglomerates. 

(c) Variations of strike : when two groups have diflTerent 
strikes, the older group has been affected by .elev?fctory forces 
which have not affected the newer. 

2.- Change of Lithological Character. This proves that 
two groups of rocks have been accumulated under different 
conditions, and when the conditions are thus proved to have 
differed greatly during the accumulation of two different groups 
of rocks, these groups may be separated as two distinct systems, 
e.g. the Jurassic rocks of Britain are separated from the New- 
Eed Sandstone for this reason, although there is no physical 
break between them, but the difference of lithological character 
proves that whereas the rocks of the one were accumulated in 
confined seas, those of the other were deposited in the open 
ocean. 

3. Cleavage. When a lower group of rocks is cleaved, and 
an upper one not, or if the lower group possesses a double 
cleavage, and the upper only a single cleavage, it may indicate 
that the lower group suffered compression before the formation 
of the upper one : this evidence must be received with caution, 
as the upper group may consist of rocks which are of such a 
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character as not to become cleaved; on examining large groups 
however, we generally find some fine-grained rocks occurring 
which are well adapted for cleavage, as for instance in the Lake 
District, where many of the Cambrian and Silurian rocks are 
too coarse to have admitted of cleavage, but we find fine beds 
in the Cambrian rocks which have a double cleavage, and other 
fine-grained rocks among the Silurians, which however only 
possess one cleavage: in this case it is probable that the 
Cambrian rocks received one cleavage before the deposition of 
the Silurians, and that another cleavage was formed in them 
simultaneously with the production of the single cleavage in 
the Silurian rocks. 

4. Metamorphism. When a lower group of rocks is 
regionally metamorphosed, and an upper one not, or when the 
lower is more intensely metamorphosed than the upper, it 
probably indicates the alteration of the lower group before the 
upper was deposited. This in turn shews that the lower must 
have been covered by much sediment before metamorphism, in 
order to bring it under the influence of metamorphic agents, 
and that this sediment was denuded before the deposition of 
the upper group. Examples of this are furnished by the 
slightly metamorphosed Pebidian rocks of Wales resting upon 
the greatly metamorphosed Dimetian, and the unaltered 
Cambrian rocks upon the Pebidian. (The term "unaltered" 
being applied with reference to true metamorphism, and not to 
cleavage.) 

The palaeontological changes are produced : 

1. By Elevation and Depression of Land. 

2, By changes of Temperature, Food, and other Conditions. 

Such causes produce breaks in the succession of organic life, 
and migration. Breaks in succession are partly purely physical, 
owing to the denudation of the rocks containing intermediate 
forms, and partly due to migration of forms, and subsequent 
return into the original area, after having undergone important 
specific or even generic modifications during migration and the 
occupation of other habitats. When these two occurrences have 
both taken place between the deposition of two groups of rocks, 
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the change so caused is of considerable classificatory value. But 
migration may take place, not only by elevation of the ocean- 
floor, but also by depression, and in this case the depression 
may also cause a pause in the deposition of material, so that by 
this means a difference in the forms of life is observable on 
comparing the beds immediately above with those immediately 
below a plane of stratification. Such a break does not indicate 
so important a series of changes as does one accompanied by 
denudation, and for this reason is not of so great classificatory 
value. Moreover, if the theory be true, which is gradually 
gaining ground, that our present ocean basins have been, 
speaking generally, permanent through long geologic ages, 
whereas our continental areas have been the sites for the most 
part of great eleyatory movements, the occurrence of palaeonto- 
logical breaks owing to extreme depression will be comparatively 
rarely found in those rocks which compose our continental areas, 
and this reason likewise diminishes the value of this kind of 
palaeontological change as an aid to classification. 

The most valuable palaeontological changes then are those 
which are due to elevatory movements, and it will be found 
that these are in some cases very widely spread. Of late years, 
classifications of some of our older rocks have been attempted, by 
taking into account the palaeontological changes produced by 
depression, but these are not capable of being traced over wide 
areas, and consequently the adoption of such classifications 
would cause a considerable amount of confusion. It is evident 
that palaeontological change is of very considerable importance 
to us, but that it must be, as stated by Sedgwick, considered 
along with the physical evidence. To shew how extremely 
unsafe it is to rely on palaeontological evidence alone, some of 
the difficulties incurred may be enumerated : — 

1. In considering the relative importance of the breaks 
between different groups of rocks, palaeontologists may be 
influenced by very various circumstances : — 

i. Some might calculate the number of genera in two 
diflferent groups of rocks, and then estimate how many genera 
are common to the two groups. 
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ii. Others might calculate the number of species, and 
estimate how many species are common to the two groups. 

iii. Others again might omit certain forms (as the Protozoa) 
as being too lowly organised, or other forms (as the Vertebrata) 
as being too highly organised to yield true results. 

iv. Again, others might prefer to estimate the forms of 
some particular i^oological group (e.g. the MoUusca) which are 
common to the two groups of rocks. 

V. Moreover, the break may be calculated, by observing 
the number of genera or species, — or of genera or species of some 
particular sub-kingdom or sub-kingdoms which are common to 
the highest series or stage of a system, and the lowest series or 
stage of the next succeeding system. In this way a break has 
been drawn between the Tremadoc and Arenig rocks of Britain 
(thereby making one the highest division of one system, the 
other the lowest division of another system). The results of 
such a proceeding may be totally altered by separating oflf the 
lower portion of the lower series, or the upper portion of the 
upper series to form different series : thus if the upper part of 
the Arenig be separated oflf from the rest of that series, as 
suggested by Dr H. Hicks, to form another series, the Llanvim, 
the break between the Tremadoc and the Arenig will thereby 
be much less than if the rocks thus separated were left in the 
Arenig, because most of the species common to the two series 
will occur near the boundary, whilst most of those which are 
peculiar to ihe undivided upper series will naturally occur in 
its upper portion. 

2^ The number of species common to two systems will 
probably be exaggerated owing to the occurrence of remanid 
forms derived from the denudation of the rocks of the lower 
system, and occurring in the basement beds of the upper system. 
Instances of this are familiar in the case of the Cambridge 
Greensand which contains fossils of Gault age, although the bed 
itself is in reality the basement bed of the Chalk. In this case 
it is easy to see that the fossils are derived, owing to the im- 
disturbed character of the beds, and the diflference in state of 
preservation of the remanie fossils, and those of the age of the 
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bed, but in the older rocks, where the fossils usually occur only 
as casts, and are often much distorted, it would be very much 
more difficult to distinguish a remani^ fossil from one truly 
appertaining to the bed. To give an example, Trinucleus 
Wahlenbergi is cited in Kjerulf s Veiviser as occurring in rocks 
containing a true May Hill fauna, but on examining the specimen 
in the Christiania Museum it was found to occur in a nodule 
such as might easily have been derived from the underlying 
rocks, and I could find no evidence of any other specimen of 
the same genus having occurred in this series. Sedgwick noticed 
the possible occurrence of such forms in the Introduction to the 
British Palceozoic Rocks and Fossils, and says, "On this ground, 
while we are making a comparative estimate of the Cambrian 
and Silurian faunas, we can only count at a very low value 
such species as abound in the lower, and appear very rarely in 
the vpper division, and appear there only within a very little 
distance of the line of demarcation between the two." 

3. Fossils are recorded as occurring in systems or series in 
which they are not really existent, owing to two reasons. 

(a) Certain beds belonging to a system A were at one time 
supposed to belong to another system By and consequently the 
fossils they contain are quoted in various lists as occurring in 
system B, and on the ascertainment of the true positions of the 
beds, some of the forms which have thus wrongly been quoted 
in the lists as occurring in system B, are inadvertently left in 
the lists of fossils of that system. As an illustration of this I 
may refer to the recording of Paradoxides in certain lists both 
as a Menevian and a Lingula Flag fossil, these being really 
records of the same individual specimens, and being due bo 
the fact that the Menevian was once included under the term 
' Lingula Flag,' and since separated. 

(b) Field geologists sometimes form fossil-lists of a series 
which contain wrong determinations, owing to their having been 
noted down in the field, without comparison of the specimens 
collected, with type forms, or figures and descriptions, and so 
the number of fossils apparently common to two different systems 
may be increased. 
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The history of the so-called Llandeilo series adbrds an ex- 
cellent instance of the way in which a single stra£igraphical 
mistake has given rise to great confusion among the fossil lists, 
but to this reference will be made in the sequel. I shall con- 
tent myself here with again quoting from Sedgwick's Introduc- 
tion to the British Palceozoic Rocks and Fossils — "Without 
dwelling on cases of immediate ambiguity, we may affirm gene- 
rally — ^that when we profess to give a comparative estimate of 
the Fauna of any two Palaeozoic groups, we have no right to 
overlook the question, whether certain species belong to a pre- 
vailing type in one of the groups, or, on the contrary, are rare 
(and perhaps doubtful) exceptions. I will take for example, 
six species which are given by the author of Siluria as com- 
mon to the Llandeilo, Wenlock, or Ludlow formations, viz. : — 
Tentaculites annulatus, Petraia elongata, Trinucleus concen- 
tricus, Leptsna sericea, Orthis Actoniae, Orthis vespertilio. This 
list might be largely increased, but I select these six species for 
a reason given below. In many parts of the Cambrian series 
they are found in milliofns : and they produce a very character- 
istic impress on its Faiina. But not so much as a single un< 
equivocal fragment of any one of them is to be found in those 
parts of the Cambridge collection which are derived from the 
May Hill Sandstone and beds above it. Negative facts cannot 
stand a moment against positive. This we all allow : but if 
negative facts be honestly and laboriously stated, they may, at 
least, prove that certain positive facts (such as the six examples 
above quoted of species common to Cambrian and Silurian 
rocks) are very rare and exceptional cases. Such cases are not 
to be received but on evidence that is unequivocal, viz. : — the 
production of the very species upon which the exceptional lists 
have been formed. Now I was informed by Professor McCoy 
(in a note which is now before me) that he had applied, at the 
Museum of Economic Geology, for a sight of five, out of six, of 
the very species above enumerated, and that not one of them 
was shewn to him, or found in the Museum, under conditions 
which confirmed the assertion that they were common to 
Llandeilo, Wenlock, or Ludlow rocks. As to one of the six 
species (Orthis Actoniae) I myself applied to Professor Forbes 
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for his authority. He replied that he could not give his sanction 
for this species as a type common to the (so-called) Upper and 
Lower Silurian rocks — that he had nothing but a field-memo- 
randum respecting it, and that he might very easily have 
mistaken the species, or mistaken the rock from which it was 
obtained." Another case may be given where the negative facts 
are very strong. Cardiola interrupta is an abundant fossil at 
a certain horizon in the Silurian rocks of Britain where it is 
associated with particular species of Graptolites. It occurs also 
in the Silurian rocks of Scandinavia, France, Bohemia, &c. as- 
sociated with the same Graptolites. In the Cambridge Museum 
there is no single specimen of this species from the Cambrian 
rocks, and it has not been found in the Cambrian rocks of the 
countries just enumerated. 

It has however been recorded by Profs. Harkness and 
Nicholson from the Cambrian beds of Westmorland, but these 
authors subsequently admitted that the Coniston Flags (the 
beds in which Cardiola is found in abundance, and which they 
formerly included in the Cambrian system) were in reality 
Silurian. The Lake District rocks of true Cambrian age have 
been well searched by many geologists, but no other instance of 
the discovery of Cardiola interrupta in these rocks is known to 
me, save the one referred to above. Nevertheless, in the new 
edition of Sir A. Ramsay's Geology of North Wales, Appendix, 
p. 413, Cardiola interrupta is recorded from the Caradoc rocks 
of Westmorland. Again in the list of Llandeilo Fossils in 
p. 391 of the Appendix, Cardiola interrupta is recorded from 
the Llandeilo rocks of both North and South Wales ; but on 
examining the list of fossils from the Llandeilo rocks of North 
Wales with their chief localities on p. 387, Cardiola interrupta 
is Twt recorded, — ^yet surely a locality which has yielded a species 
so noteworthy has claims to be included amongst the 'chief 
localities/ This evidence can hardly be termed unequivocal. 

Having reviewed some of the diflSculties to be taken into 
account, when drawing boundaries by breaks in the succession 
of organisms, the phenomena of migrations may be very shortly 
considered. Such migrations may be studied in two distinct 
ways; firstly by observing the recurrence of species in higher 
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beds, and secondly by observing their lateral movements, re- 
currence being best observed in deep-water deposits, and lateral 
movement in shallow water ones. Good instances of recurrence 
have been given by M. Barrande, as observable in bandes d, 1, 
d, 3, and d. 5 in Bohemia. These recurrences are in fact best 
observed in beds belonging to the same system, and we get no 
marked instances of the recurrence of organisms occurring in 
one system in beds of the succeeding system. 

Lateral movement may be detected by finding organisms 
(usually inhabitants of shallow seas) later in one area than in 
another, e.g. the migration of a few forms may be traced from 
Russia through Scandinavia to Britain in Cambrian times. In 
early Silurian times the direction of migration seems to have 
been somewhat altered, and this was apparently due to the 
great local upheaval of certain British areas in these times: 
hence a local upheaval not only affects the area in which it 
occurs, but through the medium of organisms, has an effect 
upon the surrounding areas also, and if it coincide with a more 
wide-spread upheaval, may be of some classificatory value. 

Sufficient has been said, to shew that in order to separate 
off systems, physical and palseontological evidence must be 
considered together, and that there are very grave difficulties 
to be overcome, when palaeontological evidence alone is taken 
into account. If systems be separated off in this two-fold 
manner, which is the only true natural way, it is evident that 
we cannot expect always to find that the various systems should 
be of even approximately equal size, or that the same system 
should have approximately the same thickness in different areas: 
a glance at the thickness of the various systems given in our 
text-books will at once shew this, and yet objection has been 
raised to the true historic classification of our Cambrian and 
Silurian rocks, on the ground that the Cambrian system is very 
much thicker than the Silurian, in their respective typical 
areas : is this objection valid ? let us examine it more closely. 

Sedgwick estimates the thickness of his Cambrian beds, 
excluding the Longmynd slates at 25,000 feet. He says the 
aggregate thickness of the Silurian beds is about 5,000 feet ; 
but this excludes a great thickness of red deposits now classed 
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with the Old Red Sandstone which rests conformably upon the 
Silurian, and must be eventually included with it. 

In the Lake District the thickness of the Silurian beds is 
estimated by Mr Aveline at not less than 14,000 feet, and it 
thus compares favourably with the thickness of the Cambrian 
system of the type area. In Scandinavia both Cambrian and 
Silurian Systems are very much thinner than in Britain, but 
are composed in great part of deep water deposits which would 
accumulate much more slowly than a similar thickness of 
shallow water deposits. Where shallow water deposits are 
found they are of considerable thickness. In Bohemia, the 
Cambrian beds contain not quite three of Barrande's Stages, 
viz. : part of B, and the whole of C and D ; the Silurian on the 
other hand contains four, E, F, G and H. The argument that 
the Cambrian should be split up into two systems in order to 
equalise the thicknesses is therefore pn the whole untenable. 

Objections have been raised to using physical breaks as 
means of classification on account of their local character; if 
this means that they are not universal, eveiy one must agree to 
this, as there must always have been deposits forming some- 
where, namely wherever oceanic areas prevailed. Dr Hicks 
seems to consider it as a creed of the Cambridge School that 
the break between the Cambrian and Silurian rocks is uni- 
versal*: I have already referred to the theory of the former 
permanence of ocean-basins, and the persistence of areas, of 
elevation along what are now our continental areas : and Dr 
Hicks gives colour to this theory (Q. J. 0. 8. 1875, p. 552), for 
he considers that the European and North American areas 
underwent approximately simultaneous changes of like charac- 
ter, "The home of the earliest forms of life seems to have 
been somewhere towards the south-west, and possibly not far 
from the equator; and it is from here that the various forms 
seem to have migrated to the areas in which they were 
subsequently entombed. The migrations seem to have taken 
place towards the North- American continent very much about 
the same time as towards the European ; and the sea-encroach- 

* See discussion of paper by Dr F. Schmidt, read before Geological Society, 
June 21, 1882. 



12 CLASSIFICATION OF THE 

ments along that contineDt seem to have been in a direction 
from south-east to north-west, so that the lines indicating the 
two depressions would meet in mid-Atlantic. This accounts 
for the great similarity in the two faunas, and for the general 
resemblance offered by the order of succession of these early 
rocks in the two continents." This general resemblance offered 
by the order of succession can only be accounted for indeed by 
supposing upheavals and depressions to have taken place at this 
time over wide-spread areas, so giving rise to the occurrence of 
shallow-water conditions about the same time on either side of 
the Atlantic, and similarly with deep-water conditions. The 
greatest upheaval in the European area was at the end of the 
Cambrian period, and we may therefore expect this to have 
been the case in America also, and this is borne out by facts. 
The Silurian- beds rest unconformably upon the Cambrian not 
only in Britain, but also in Scandinavia, Bohemia, and parts 
of North America. We should naturally expect this as a conse- 
quence of the phenomena to which Dr Hicks alludes in the 
above-mentioned passages, and we find it to be the case, but it 
is not necessary to the arguments of the Cambridge School that 
a break should occur at the same horizon in other parts of the 
world as Eastern Asia, Australia, &c., the deposits there having 
been formed in entirely different oceanic areas probably subjected 
to earth-movements at different times to the ones which affected 
what we may speak of as the North Atlantic area, and we should 
indeed be somewhat surprised to find breaks in those areas at 
this horizon, and look upon them as accidental coincidences. 
A word of caution may be here added as to the estimation of 
the magnitude of a physical break, which must be reckoned not 
by the amount of unconformability of the strata but by the 
horizontal extent of that unconformability. Local breaks are 
often most-marked, and are caused by some violent local earth- 
movement, or by the accumulation of volcanic material, they 
are therefore of no great importance; for instance a break is 
recorded by Mr Aveline at the base of the Coniston Limestone 
of the Lake District, but this as suggested by Profs. Harkness 
and Nicholson is due to the overlapping of the Coniston Lime- 
stone upon the abraded edges of the volcanic materials of the 



CAMBRIAN AND SILURIAN ROCKS. 13 

Borrodale series, just as limestones may be now formed in the 
Bay of Naples overlapping and lying unconformably upon 
volcanic ejectamenta of Vesuvius. In the case of wide-spread 
breaks, upheaval was more regularly distributed, consequently 
the land so formed would have a small slope, and this would 
give a small velocity only to the streams, which would therefore 
be capable of only a small amount of denudation, and that 
carried on with a considerable amount of regularity thereby 
probably giving rise to apparent conformity in some areas 
where an unconformity in reality exists. Moreover the move- 
ment being so widely spread and so uniform, it is quite probable 
that some areas would not actually be raised above the sea-level 
and so there would be continuous deposit of material, but the 
deposits on the horizon occupied in other areas by the break 
would be of a shallow- water character. It is then not necessary 
for our argument that an unconformity should occur even in all 
parta of Europe between the Cambrian and Silurian rocks, but 
as these rocks have been declared to be conformable in places 
where unconformities have been afterwards proved to occur, an 
apparent conformity must not be accepted as actually existent, 
without very strong evidence. 

The classification of our rocks into systems is in fact like the 
classification of organisms in its general character ; it depends 
upon the occurrence of gaps which will probably be eventually 
filled up somewhere, but nevertheless it is the only true classifi- 
cation which we can adopt at present, and therefore we must be 
true to it. 

According to the decision of the International Geological 
Congress held at Bologna in 1881, a system is to be subdivided 
into series, and these series into smaller subdivisions or stages. 
This nomenclature will be followed as far as possible in the 
ensuing pages, but it is impossible at present to adhere strictly 
to this nomenclature. To take an example: M. Barrande 
has divided the Silurian rocks in Bohemia into a number 
of stages, and as the use of this word is here extremely 
applicable it will be diflScult to drop it. Now some of these 
stages are equivalent to more than one of our larger British 
subdivisions, which according to the decision of the Con- 
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gress diould be tenned series^ others again ai« not so laige 
as one of oar larger sabdivisions, thus Stage D is apparently 
equivalent to part of the Lingala Flag, and the whole of 
the Tremadoc, Arenig and Bala Series of Britain. The Ludlow 
Series of Britain on the other hand has as its Bohemian equiva- 
lents Stages G and H, and possibly a portion of Stage F. The 
word 'Stage' is also used in a somewhat different sense in 
Norway by Professor Kjerulf, to that in which it is used by 
M. Barrande. Stage 5 of Professor Kjerulf is only the equiva- 
lent of a small portion of Stage E of M. Barranda On the 
whole it will be perhaps best to adopt the word 'series' to 
denote our greater divisions as Menevian, Bala, &a, which have 
hitherto been usually spoken of as 'formations' (a decidedly 
objectionable word as remarked by Professor Hughes in his 
remarks to the Geological Society upon the work done by the 
Congress at Bologna, Q. J. 0. 8. xxxviii. p. 2), and to adopt the 
terms generally used by the foreign geologists for their own 
particular subdivisions when speaking of them. 

A few words may be inserted with reference to the materials 
of which these series are composed. 

The principal series are composed of conglomerates, grits, 
fine black mudstones or shales, and limestones. The most 
noteworthy of these are the conglomerates, which frequently 
contain pebbles many feet in diameter, and the mudstones, 
which often retain the same character over many thousand 
square miles of country. The Cambrian and Silurian systems 
contain no sediments comparable with those now forming in the 
deeper parts of our oceans; and the calcareous beds usually 
present indisputable signs of shallow-water origin. I have else- 
where pointed out that the wide dispersal of fine black mud 
over the Cambrian and Silurian sea-floors was probably due to 
the fact that they were derived immediately from the denuda- 
tion of felspathic rocks, and not from ordinary sediments : there 
is however another cause which may have assisted in this 
dispersion, and also may account for the remarkable conglom- 
erates, to explain which some geologists have called in the aid 
of ice-action: this is tidal action, which Mr George Darwin 
shews to Ijave been much more intense in former times than at 
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present. Since Mr Darwin published the results of his research, 
much has been written by geologists concerning the action of 
these tides, and it is by some considered that they would be 
intense agents of denudation : it seems to me, however, that no 
great amount of disintegration could be brought about by 
excessively high tides, but their power of transportation would 
be very much greater than that of the tides at the present 
time. On submergence of the land, all loose material would be 
easily carried by the tidal currents, and so beaches would be 
formed containing fragments of all sizes up to the large blocks 
like those found in the Cambrian conglomerates of various parts 
of Europe; but the surface having been denuded of its loose 
materials, surely the tides would have no very marked effect 
upon the solid rock. The tidal currents, however, very much 
more powerful than they now are, would assist in the transpor- 
tation of the fine felspathic mud brought down by the rivers to, 
great distances from the shore. That the sediment was 
accumulated any faster than it now is seems to be negatived by 
facts furnished us by organisms. The rule that a species which 
has a wide distribution in space has also a long vertical range 
seems at first sight to be inapplicable to the distribution of 
most of the Bhabdophora, the same species of which are found at 
the. same horizons over very wide areas, and yet these species 
are often limited to a few feet or even a few inches of the black 
sediments in which they occur. The only explanation seems 
to be that these black sediments accumulated with extreme 
slowness, and this is borne out by the myriads of individuals 
which are buried in them, and which must represent long 
periods of time. 

Such being the mode of formation of many of these older 
deposits, and lithological character being frequently so uniform 
over wide areas, we can correlate beds widely separated with 
much greater accuracy than many geologists are disposed to 
admit 
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§ II. The Position of the Boundary between tiie Cambrian 

and Silurian Systems, 

Having described the principles of classi6cation as used by 
British geologists, when dividing our stratified rocks into great 
groups, which we now agree to call systems, it remains to apply 
these principles to the classification of the Cambrian and 
Silurian strata. 

It is not necessary to do more than merely refer to the 
personal controversy between the late Woodwardian Professor 
and Sir Roderick Murchison, for no one now denies that the 
latter made a great mistake and tried to cloak it by claiming 
as his own the labours of his colleague : this mistake was the 
assignment of his Llandeilo series to a position far above its 
true one, and it was increased by his confusion of the May Hill 
beds with what he termed Caradoc, i.e. beds belonging to 
Sedgwick's Bala Series. The facts of the case are admirably 
reviewed by Sedgwick himself in his Introduction to McCoy's 
British Palceozoic Rocks and Fossils; and that to Salter's 
Catalogue of Cambrian and Silurian Fossils, also by Dr Sterry 
Hunt in the Canadian Naturalist for April and July 1872, and 
subsequently in his Chemical and Geological Essays published 
in 1874 (and a second edition in 1879). In the latter he shews 
himself to be an impartial judge, for he remarks, " Having been 
desired in 1872 to prepare for publication a notice of the 
scientific labours of Murchison, it became necessary for me to 
examine critically the whole ground of the Cambrian and 
Silurian controversy, a task which proved much more serious 
than I had supposed, and brought to light facts which both 
surprised and pained me." The result of Murchison's mistake 
was that he had no base-line to his system, and his subsequent 
tactics are thus summed up by the present occupant of the 
Woodwardian Chair in the discussion of a paper by Dr Hicks 
(Q.J.G.S, May, 1875), "The Silurian system had not, and 
after several changes has not for its upper bpundary, a line 
representing any break in the continuity of deposition. Nor 
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had it at first, nor has it now, after much modification, any 
well-defined natural boundary for its base-line. The only break 
in it is that which occurs at the base of the May Hill Sand- 
stone; and that was unrecognised till pointed out by Prof. 
Sedgwick many years after the publication of the 'Silurian 
System,' the author of which, seeing that his system had no 
base on which to rest, took in group after group of the under- 
lying series, and to justify himself had to prove at each step 
that as yet no break had been found in the series ; till at length 
he got down to the lowest Cambrian, part of which he included 
in his Primordial Silurian. It was now well known, and that 
chiefly through the labours of Mr Hicks, that no strong line 
could be drawn there, and we must therefore take it down to 
the bottom of the Cambrian conglomerate, or up to the base of 
the May-Hill Sandstone. Between these horizons lie the 
Cambrian rocks of Prof. Sedgwick, a well-defined natural group 
and an ancient name, which, following the true principles of 
classification and justice in our nomenclature, we must adopt." 
Let us now apply our principles to this Cambrian system of 
Prof. Sedgwick, so maintained by Prof. Hughes, and see whether 
or not it will stand the test. In the first place we may apply 
the physical tests. 

Elevation and denudation occurred in the typical area after 
the deposition of the Precambrian rocks, as amply proved by 
the recent labours of Dr Hicks, Profs. Hughes and Bonney, and 
others. We have therefore a base-line to the Cambrian rocks 
in this area, and this base was detected by the keen-eyed 
Sedgwick long before it was suspected by others, for he speaks 
of certain crystalUne rocks of Anglesea as belonging to "a 
distinct epoch from the other rocks of the district, and evidently 
older." Similarly in other areas we find the Cambrian con- 
glomerates resting unconformably upon Precambrian rocks, as in 
Scandinavia and Bohemia, although these Cambrian conglom- 
erates are not all of the same age, as we should naturally expect 
of beds formed against gradually subsiding continental areas. 
In Wales for instance the conglomerates in some cases are of 
the age of the Harlech beds, in others perhaps of the Menevian 
Lingula Flag or .Tremadoa beds, as shewn by Prof. Hughes to 
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be the case in Anglesea ; in parts of Carnarvonshire of the 
Tremadoc or Arenig as at Twthill. In the latter case the 
overlap of the Arenig beds is not upon other Cambrian beds, as 
maintained by Professor Ramsay in the 'Geology of North 
Wales/ but actually upon Precambrian rocks. 

Elevation and denudation again took place in the type area 
after the deposition of the Cambrian rocks and before the depo- 
sition of the oldest Silurian rocks, which rest unconformably 
upon the former, and contain fragments of them in their basement 
conglomerates, and have a strike diflfering from that of the 
Cambrian rocks. This break, like that at the base of the 
System, is not confined to the type-area only, but occurs in 
other areas remote from it. It has been stated by Prof. 
Lapworth \G. M. Dec. ii. vol. vi. Jan. 1879), that the upholder 
of the classification of Prof. Sedgwick "seeks in all kinds of 
out-of-the-way spots for evidences of local unconformities 
between the Balas and the Llandoveries to satisfy his strati- 
graphical conscience that there is sometimes an actual physical 
break between them ; when, without leaving his closet, he 
could assure himself of the fact that the two systems of the 
so-called Lower and Upper Silurian are already known to be 
stratigraphically concordant nearly all over the world." This 
may be so, but the supporter of the Sedgwickian classification 
has had suflBcient experience of books to assure himself that it 
is much safer to trust to field-work than to depend upon book- 
reading for such facts as those under consideration. On exam- 
ining the junction between these 'Balas and Llandoveries' in 
various parts of Europe I have seen evidence of a physical 
discord not only in the typical area, but also in the North of 
England, Scandinavia, and Bohemia, and strangely enough one 
may find this borne out, even without leaving one's closet, by 
the evidence furnished by other writers: for instance, in the 
North of England, Mr Aveline states that the Stockdale 
shales (the equivalents of the 'Llandoveries') rest uncon- 
formably upon the Coniston Limestone, belonging to the Bala 
series (G. M. vol. ix. p. 441 and Dec. ii. vol. iii. p. 282). Again, 
M. Barrande (Def. des CoL iv. p. 109), states that the beds of 
E. e. 1. (also equivalents of the .'Llandoveries') rest uncon- 
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formably upon the representatives of the Bala (D. d. 5). In 
many parts of North America again there is a stratigraphical 
break recorded by Dr Sterry Hunt (Chem. and Geol. Essays, 
p. 416), between the Oneida group and the Hudson River group, 
and in the table on p. 386, the Oneida group is placed in the 
Silurian System of Sir R I. Murchison, and the Hudson 
River Group in the Cambrian of Prof. Sedgwick. 

We may therefore assert that the physical evidence derived 
from the occurrence of unconformities produced by the action 
of elevation and denudation after the deposition of the Bala 
rocks and before the deposition of the May Hill rocks, tends to 
shew that the latter should be included in a system different 
from that containing the former : the same conclusion is borne 
out by the occurrence of conglomerates at the base of the 
equivalents of the May Hill rocks, such as are found in Britain, 
Bohemia, Scandinavia, and North America. Such conglom- 
erates a<)companying wide-spread unconformities are of con- 
siderable classificatory value, even if they be not so thick as the 
"persistent conglomerates that... occur in the very heart of his 
(the Sedgwickian's) own Cambrian system " upon which Prof. 
Lapworth lays stress. The evidence derived from change of 
lithological character and the occurrence of a more strongly 
marked cleavage in one system than in another is valuable, 
although such signs are usually more local than the physical 
break above referred to, but in limited areas it is of considerable 
importance in separating off the two groups. I have before 
referred to the occurrence of a double cleavage in many of the 
Cambrian rocks of the Lake District, whereas in the Silurian 
rocks only a single cleavage is found. In the same district 
the frequent lamination of the Silurian rocks and its compa- 
rative rarity in the Cambrian is noteworthy. In many areas, 
as the Welsh borders, Bohemia, and parts of Scandinavia, 
the occurrence of thick masses of limestone in the Silurian 
rocks is a contrast to their scarcity and feeble development in 
the Cambrian system. Again, there is often a discordance of 
strike in the two systems, as Professor Sedgwick observed 
(Introd. Brit. Pal. Rocks and Foss. p. xxvii), "the Cambrian 
series is now physically and palsBontologically well separated 

2—2 
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from the Silurian by the intervention of the May Hill Sand- 
stone. Commencing with the May Hill group, there is a 
sudden change of mineral type, and an obvious physical break, 
sometimes marked by a change of strike, and clear discordancy 

of position So far as regards the evidence supplied by 

Wales and the bordering English counties, and by the north of 
England, the question respecting this line of demarcation is, I 
think, perfectly set at rest; nor does there appear to be 
anything in the development of the older Palaeozoic series of the 
continents of Europe or America which is opposed to this 
conclusion." 

The paJaBontological evidence is equally satisfactory. In the 
Introduction to the "British Palaeozoic Rocks and Fossils" 
Professor Sedgwick states that, "taking Sir R I. Murchison's 
list, as published in the Appendix to his ' Siluria,* and without 
any deduction whatsoever, it does not give us much more than 
ten per cent, of species common to true Cambrian and true Silu- 
rian British rocks. But when we have struck out from this com- 
mon list (1) all those species which range beyond the limits of 
the Lower Palaeozoic Division, into the Devonian and Carbonife- 
rous groups, (2) all species of doubtful authority, (3) all species 
of which the geological place is not established on good physical 
evidence, (4) all species which however abundant in the lower 
series, disappear in the tipper either altogether, or ascend into it 
through so very limited a space above the line of demarcation 
as to produce no general impress on the upper Fauna : — ^when 
all this has been done, I have no doubt that the number of 
common species will fall considerahly behw ten per cent : perhaps 
as low as the percentage shewn by the Palaeozoic series of 
North America or Bohemia ; but not as low as the percentage 
shewn by the Cambrian and Silurian rocks of the North of 
England." 

We see then that a good break between the May Hill 
Sandstone and the Bala rocks, in other words, between the 
Cambrian system of Sedgwick and the Silurian may be 
established both by physical and palaeontological evidence. 
I have also already pointed out that a good physical break 
occurs at the base of the strata included by Sedgwick in 
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his Cambrian system, although we cannot at present establish a 
palasontological break there, owing to the rarity or absence of 
organisms in the rocks older than that system. The Cam- 
brian System of Sedgwick therefore is well established according 
to the principles of classification already advocated. It now 
remains to be seen whether other classifications of the Cambrian 
and Silurian rocks can be similarly maintained. 

The following table of the principal classifications subse- 
quently proposed for those rocks which were originally defined 
by Sedgwick and Mnrchison as Cambrian and Silurian has 
previously been given in the Geological Magazine. (G. M. 
Dec. II. vol. vni. p. 248). 

Murchison ignores the great break in the middle of his 
Silurian system, and draws the base of his system at a horizon 
where there is no break, stratigraphical or palaeontological, for 
there is a complete conformity between the Menevian and 
Harlech series. The same objections apply to the classification 
proposed by Professor Jukes. 

Lyell and Hicks draw their line between the Cambrian and 
Silurian at a horizon where there is no brep*k, as shewn by 
M. Barrande in his paper on the Maintenance of the Silurian 
Classification of Murchison. As with Murchison and Jukes 
also, they leave the great break in the middle of their Silurian 
system. 

Phillips also draws the line between the Cambrian and Silu- 
rian at a horizon where there is no break, and like the others 
leaves the great break in the middle of the Silurian System. 

The same objection may be raised to the classification of the 
Geological Survey. 

Professor Lapworth separates off the Silurian from the 
Ordovician at the horizon where a great break is established, 
but draws another line between Ordovician and Cambrian at a 
position where there is no break. 

Finally, Professor Bamsay ignores the break in the middle 
of his Silurian system. 

Having seen that the nomenclature of Professor Sedgwick 
will alone stand the tests applied, we may proceed to examine 
briefly the objections raised to this nomenclature. Besides the 
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trivial objection that the nomenclature of Murchison has been 
so long in use (a statement hardly borne out by the preceding 
table) that it is too late now to adopt any other, other objections 
have also been brought forward. Professor Lapworth remarks 
as follows : " The Silurian is cut down (by the Sedgwickian) so 
as to include the Upper Division only of Murchison's original 
System ; while all the fossiliferous beds below are assigned to 
the Cambrian. That in this way he commits precisely the same 
scientific error as the Murchisonian never seems to occur to his 
imagination. That every fact adduced in support of Sedgwick's 
claim to the rocks of the Second Fauna can be met by one in 
Murchison's favour equally cogent is forgotten. That every 
error committed by the latter to the destruction of his claims 
can be paralleled by one equally fatal to those of his opponent 
is similarly ignored. He has long since convinced himself of 
the fact, that the Silurian, as he restricts it, is quite large 
enough to form a system by itself, and that its fauna is grand 
enough and special enough to characterise one ; but we never 
find him carry out this argument to its legitimate conclusion 
— ^that, if so, his own Cambrian is not one, but two systems, 
whose individuality he is, by his own principles, equally com- 
pelled to recognise." In other words, Professor Lapworth 
objects to the Sedgwickian on the ground that he will not 
admit a break as occurring in the centre of his own Cambrian 
group. But where is this break to be drawn? Professor 
Lapworth himself draws it at the base of the Arenig series ; 
now in the list of the Tremadoc fossils given in the Cambridge 
Catalogue, we find that of eleven genera, two are peculiar to 
the Tremadoc beds, one occurs both above and below, two occur 
behw only, and six above only, i.e., nearly 60 per cent, of the 
genera range into the Arenig rocks, and not 20 per cent, into 
the Ffestiniog or Lingula Flag series ; also, in a complete list of 
Tremadoc species published by Mr Robert Etheridge (Mem. 
Geol. Survey, vol. in. p. 354), out of 85 species recorded, 
fifteen pass up into the Arenig rocks, whilst only eight pass 
down into the Lingula Flags, consequently if a break is to be 
drawn at all on palaeontological grounds, it should be drawn at 
the base of the Tremadoc and not of the Arenig series. 
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Professor Eamsay draws a physical break at the base of the 
Arenig series, partly on account of the occurrence of a grit band 
at that horizon, and partly because he considers that in Carnar- 
vonshire the Lingula Flags and Tremadoc Slates thin out, and 
the Arenig rocks rest upon the representatives of the Harlech 
series : I have already pointed out that in reality the beds upon 
which the Arenig rocks rest are not the equivalents of the Har- 
lech but are really Precambrian. There is no break therefore at 
the base of the Arenig, either physical or palseontological. M. 
Barrande (Du Maintien de la nomenclature ^tablie par M. Mur- 
chison) draws the line at the base of the Tremadoc but admits 
that there is a mixture of forms of his second and third faunas 
in the Tremadoc beds themselves, and this seems everywhere to 
be the case, e,g. in our own Tremadoc rocks, which contain 
Conocoryphe and Olenus along with Cheirurus, Niobe, and 
Psilocephalus or lUsBnus, in the band d 1 ^ of Bohemia, which 
has Harpides (Erinnys) with Amphion, in the Ceratopyge 
limestone of Scandinavia, and in the Levis and Chazy series of 
America, which Dr Sterry Hunt on page 386 of his Chemical 
and Geological Essays correlates with the Tremadoc, and which 
he says (p. 415) " offer a commingling of forms of the first and 
second faunas, which shews them to belong to a period of 
transition between the two." The small palaeontological gaps 
which occur between these lower series (primordial of Barrande), 
seem to be due to lack of deposition, and of suitable conditions 
for the existence of life, rather than to any important physical 
movements (except perhaps of depression), and in other areas 
where such pauses have not occurred, in Sweden, for instance, 
where the beds yield a continuous sequence from the bottom of 
the representatives of the Harlech to the top of the represen- 
tatives of the Bala series, these palaeontological gaps cannot be 
observed, because during pauses of deposition of mechanical 
sediment animals still lived on the sea-fioor and accumulated 
deposits of limestone, so bridging over periods which are perhaps 
represented in Britain by slight gaps. There is yet another 
circumstance which tends to make these gaps appear greater 
in Britain than they really are, namely, that our opportunities 
of collecting fossils in Britain are rarer than those of foreign 
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geologists, consequently we shew a preference for working out 
the richer zones and do not give so much time as would be 
desirable to the more barren intermediate beds. 

Professor Lapworth does not pay so much attention to the 
line of demarcation between his Cambrian and Ordovian (Ordo- 
vician) systems as to the occurrence of what he considers to be 
three distinct faunas. He says, "Amid all the confusion inci- 
dent to this controversy, one grand fact stands out clear and 
patent to the most superficial student of Palaeozoic geology, 
viz. — ^the strata included between the horizon marking the 
advent of Paradoxides, and the provisional line presently drawn 
at the summit of the Ludlow, imbed three distinct jfaunas, as 
broadly marked in their characteristic features as any of those 
typical of the accepted systems of a later age... The keen-eyed 
and philosophic Barrande was the first to recognise this truth, 
and his addition of the 'Primordial* to the First and Second 
Faunas of Murchison's original Silurian marked a geologic era 
equal in importance to the establishment of a new system." It 
seems to me however that the three faunas are by no means so 
nicely marked as Professor Lapworth assumes, the only Primor- 
dial beds, with a few exceptions, which have been examined in 
detail being deep-water deposits, and having faunas largely com- 
posed of the variable group of trilobites. By using these 
creatures as a basis of classification several faunas might 
be built up out of the Cambrian and Silurian rocks : what 
can be more marked, for instance, than the great abundance 
of Paradoxides in the Menevian beds, its absence in the 
Lingula Flags, and the abundance of Olenus in those beds? 
The selection of the genus Paradoxides as an example is indeed 
singularly unfortunate. The Cambrian system, as defined by 
Professor Lapworth, is about 12,000 feet in thickness at St. 
David's, and the genus Paradoxides is limited to a band about 
1600 feet thick in the centre of this. The genus Olenus on the 
other hand ranges through about 6000 feet of rock : why not 
have a fourth fauna ? 

M. Barrande also, as stated, from palseontological considera- 
tions, separates his so-called Silurian system (which really 
includes the Cambrian system as well as some Precambrian 
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beds!) into groups characterised by three faunas, but the cha- 
racteristics of these faunas given by him in a recent paper (Du 
Maintien &c.) admit of so many exceptions as to be of very 
doubtful classificatory value. He states that his Primordial 
fauna is composed almost entirely of trilobites, whereas we know 
that wherever shallow-water deposits occur brachiopods abound. 
Again the trilobites of the Primordial fauna are said to be dis- 
tinguished by their conformation, the head being small, the 
thorax large, and the tail composed of few segments, but I have 
pointed out (G. M. June 1881) that many trilobites of the 
second fauna, as Remopleurides, Acidaspis, and various genera of 
the Cheiiuridse, are strictly comparable with Parodoxides &c. 
of the Primordial fauna. The Second fauna is described as 
possessing trilobites which contrast with those of the Primordial 
group; either the head, thorax and tail are pretty nearly in 
equilibrium, as in Asaphus, or the thorax is reduced, and the 
head and tail developed, as in lUaenus. On examination how- 
ever we find that these trilobites do not really contrast with 
those of the Primordial group, and moreover that this confor- 
mation is rather the exception than the rule among the trilobites 
of the Second fauna. Now M. Barrande attempts to shew that 
although these three faunas are distinct, there nevertheless exist 
beds of passage connecting them indissolubly into one system, 
and he proves his point in one case, namely that beds of passage 
occur between the beds containing the Primordial and those 
containing the Second fauna (the Tremadoc series as before 
shewn), but I think he breaks down in attempting to shew that 
beds of passage exist between his Second and Third feunas. He 
states that in the Llandovery group of England, which has been 
well studied, the inferior portion contains principally species of 
the Second fauna, whilst the superior holds a majority of species 
of the Third fauna. Our geologists now however for the most 
part group the Llandovery or May Hill group entirely with the 
beds containing the upper fauna, whilst so far is our knowledge 
of these rocks from being complete, that there is still a great 
deal of confusion about certain beds, as to whether they are of 
Upper Bala age, or belong to the lower part of the May Hill 
beds. This confusion may be well seen by comparing with one 
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another the various lists of fossils in the third volume of the 
Geological Survey Memoirs, but to this reference will be made 
in a future chapter. On forming a true list of unequivocal 
British May Hill fossils it will be found that, as is also the case 
with their representatives abroad, the May Hill beds undoubt- 
edly belong palsBontologically as physically to the Silurian system, 
and do not form beds of passage. M. Barrande appeals to his 
* colonies,' as affording an admixture of organisms of his Second 
and Third faunas. These colonies are in our opinion to be explain- 
ed as due to physical disturbances (Q. /. (?. 8m xxxvi. p.591), but 
I may point out that the theory of colonies was in great part 
founded owing to a mistake of English geologists. Murchison 
not only made a mistake concerning the position of the Llandeilo 
rocks, but another with regard to their fossils: having found 
that graptolites occurred largely in his true Llandeilo beds, he 
went further and considered nearly all black shales in which 
graptolites were found to be Llandeilo. In this way numerous 
graptolites which we now know by the labours of Prof. Lapworth 
to belong exclusively to the Silurian rocks (those of the Birkhill 
group) were quoted as occurring in Llandeilo, and it was to these 
graptolites that M. Barrande appealed, as affording evidence of 
a fauna in the north-west of Europe prior to its advent in 
Bohemia. Although the graptolitic beds have as remarked 
above been assigned to their true position, yet organisms higher 
than graptolites which occur in them, are still frequently quoted 
as occurring in Llandeilo beds. To give one example, Feltocaris 
aptychoides is recorded in Woodward's Catalogue of British 
Fossil Crustacea as being found in Llandeilo rocks, whereas the 
beds in which it is found belong to the Birkhill series. Li this 
way probably many true Silurian forms have crept into Cam- 
brian lists. It is possible that in this way Cardiola intemipta 
is still retained in lists of Llandeilo fossils. 

The objections raised to the classification of Professor Sedg- 
wick, and the evidence brought forward in favour of other 
classifications having been now examined, we may draw our 
ovm conclusions as to their bearing. Surely all the evidence 
points to the adoption in its entirety of the nomenclature of the 
late Woodwardian Professor ! 
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§ m. Description of the Series of the Cambrian wad Silurian 

Rocks of the British Isles, 

The various series of the British Isles may be very briefly 
described, taking them in order according to their geographical 
distribution, and in order that those of different areas paay be 
compared with one another, short accounts of their lithological 
characters, and of the principal fossils which they contain will 
also be given. 

I have already remarked on the value of the Bhabdophora, 
as enabling us to correlate beds widely separated horizontally. 
No one who has carefully read the researches of Professor 
Lapworth can fail to be ccHivinced of this fact. The renmrkable 
occurrence of the graptolites in Sweden, where they have been 
described by Dr. S. A. Tullberg as occurring in bands, zone for 
zone comparable with those of Southern Scotland, is alone suffi- 
cient to indicate their value. In his volume on Lamellibranchs 
(Ext. du Syst. Sil. du Centre de la Boh^me) at p. 77, M. Bar- 
rande considers that Cardiola interrupta does not allow us to 
establish any restricted contemporaneity between two horizons in 
countries geographically separated, where its presence has been 
determined, and he goes on to remark that this fact shews us 
how imprudent it would be to establish by any fossils, graptolites 
or others, absolute contemporaneity of a numerous series of 
equivalent zones in the Silurian basins of Europe and America. 

But assuming that the statements are correct from which 
M. Barrande draws his conclusions as to the distribution of 
Cardiola interrupta, it does not follow that because Cardiola 
interrupta does not occur on the same horizon in different coun- 
tries, that therefore graptolites do not, because Cardiola inter- 
rupta is frequently found in sandstones and limestones, deposited 
in shallow water, whereas graptolites often occur in deep-water 
deposits, and I have already said enough in Chapter I to shew 
that the mode of occurrence of shallow- water and deep-water 
forms is very different in the older rocks just as it is at the 
present time, and I also pointed out the anomalous mode of 
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distribution of many of the graptolites. In fact the more we 
learn about the geographical distribution of the Bhabdophora, 
the more inclined must we be to believe with the great expo- 
nent of this group of organisms that "the Graptolites are 
destined to play among the Lower PalaBozoics the part filled 
by the Ammonites among the Jurassic rocks, in fixing the minor 
divisions of the deep-water beds, and in determining their 
parallelism in areas now geographically separated." Along with 
these graptolites occurring in deep-water beds are often found 
trilobites, and we find that in this case also the organisms are 
very valuable in comparing deposits widely separated, whereas 
those trilobites occurring in shallow- water deposits usually have a 
very different range. Of other fossils, the molluscs and the phyl- 
lopod Crustacea are perhaps most useful, the corals in many cases 
having too long a distribution in time, whilst other organisms are 
too local. In a word, it is by comparing the different deep-water 
deposits that we are most likely to institute successful compari- 
sons of the order of succession of beds in areas widely separated, 
for we find in these cases that lithological and palaBontological 
characters are very constant over wide areas, whereas the inter- 
mediate shallow-water beds often differ much from one another, 
as we should naturally expect, and are only to be correlated by 
observing their relative positions with regard to deep-water 
deposits. 

The Cambrian system was separated into subdivisions which 
we have now agreed to term series by Prof. Sedgwick, and with 
one or two modifications his subdivisions are generally accepted 
at the present day. Sir Roderick Murchison also divided his 
Silurian rocks into series, some of which are now usually accep- 
ted, but as Prof. Lapworth has recently pointed out, Murchison 
drew up some of his divisions rather from aesthetic considera- 
tions than with strict regard for the physical and palseonto- 
logical evidence. The following is a list of the series of the 
Cambrian beds of Britain, which will be adopted in the ensuing 
pages, commencing with the basement beds : — 

Harlech 

Menevian 

Lingula Flag (or Ffestiniog) 
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Tremadoc 

Arenig 

Llanvim 

(Lower Bala (or Llandeilo) 
Middle Bala 
Upper Bala 

The Silurian system contains the following series, also com- 
mencing with the lowest : — 

May Hill (Valentian) 

Salopian (Wenlock and Lower Ludlow) 

Downtonian. 



Cambrian System. 
1. N(yrih Wales. 

Harlech Series, Beds of this series are found in Merioneth- 
shire, and in Carnarvonshire in the neighbourhood of Bangor, 
Llanberis, and NantUe. Those of Merionethshire are "comprised 
in a broad mountain tract, forming an irregular oval, of which 
the widest diameter from north to south is about 15 miles, and 
that from east to west about 10 miles. 

The rocks of this region principally consist of coarse quartzose, 

greenish grey grits The beds seemed to have been formed 

partly by the direct waste of rocks of a granitic character, or at 
least into the composition of which quartz and felspar largely 
contributed. Occasionally the strata are conglomeratic, quartz, 
and more rarely felsitic pebbles, being disseminated in a gritty 

base Sometimes they are purple and fine grained, and they 

are intermingled with occasional bands of greyish green and 
purple slates, which, especially towards the lower part of the 
series, attain a considerable development. Excepting Annelide 
tracks and borings, no fossils have yet been observed ; " (Kamsay, 
Geology of North Wales, p. 19). Sir A. Eamsay gives the 
greatest thickness at 6000 to 7000 feet. Between the Harlech 
beds of Carnarvonshire and Merionethshire lies a great synclinal 
fold, the highest beds of which are found on the summit of 
Snowdon. "The best sections are in the Passes of Llanberis and 
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Nant Francon, where the succession of the strata, as a whole, is 
as follows: — The highest beds consist of about 1,300 feet of 
green, greenish grey, and occasionally of purple hard grits, 
generally thick-bedded, and formed of grains of quartz often but 
little waterwom, intermingled with felspar grains in smaller 
proportion.... Beneath the grits rise the bluish purple and purple 
slates of the larger slate quarries of Penrhyn and Llanberis, and 
below these are other thinner bands of slate, grit, and con- 
glomerate." (Ramsay). This conglomerate is largely composed 
of felsite pebbles in a felsitic matrix, and rests unconformably 
upon felsite flows of Frecambrian age. A somewhat similar 
succession is seen at Moel Tryfan, where the basement con- 
glomerate rests upon Frecambrian beds of an ashy character. It 
is succeeded by red slates, worked in the Alexandria quarry ; 
these are overlain by grits, and a higher band of purple and 
green slates is worked in the quarries of Nantlle. At Bangor 
also the basement conglomerates of the Harlech series rest 
unconformably upon Frecambrian rocks, and are succeeded by 
grits and slates. 

Menevicm Series, These beds are found in Merionethshire, 
and rest conformably upon the underlying beds, also passing 
conformably into the overlying series. 

The junction with the Harlech beds is described by Sir 
Andrew Kamsay as being well seen about half a mile E. of 
Barmouth, where the Menevian beds consist of dark blue slates. 
Other localities are Tyddyngwladis and Tafam Helig. Thickness 
100—200 feet 

List of Characteristic Fossils, 

Frotospongia fenestrata Holocephalina primordialis 

Agnostus princeps Anopolenus Henrici 

A. reticulatus Faradoxides Davidis 

Microdiscus punctatus Erinnys venulosa 

lAngula Flag or Ffestiniog Series. The beds of this series 
occur in many places in Merionethshire and Carnarvonshire, 
especially around Dolgelly and Ffestiniog in the former county, 
and near Foi*tmadoc and Bangor in the latter. They consist 
towards the summit of black slaty shales often iron-stained, from 
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Lower 

Lingula 

Flags 



Upper 

Lingula 

Flags 



200 to 1000 feet in thickness as recorded by Prof. Sedgwick, 
dud below these are hard, laminated, flinty sandstones, 2000 feet 
thick. The following divisions of this series are given in a table 
(Eamsay, Geology of North Wales, p. 343) by Mr. Salter. 

1. A lower series of black pyritous slates, with 
many beds of intercalated sandstone near the base. 
Maentwrog Waterfall, &c. &c. Fossils : Agnostus prin- 
ceps, Olenus cataractes, Lingulella Davisii. 

2. A middle thick sandy series, the typical " Ling- 
ula flag" of Tremadoc, Ffestiniog, Dolgelly, &c. 0am- 
edd-y-Filiast, Bangor. Fossils. Olenus micrurus, Hy- 
menocaris vermicaucla, Lingulella Davisii in great 
abundance, Oruziana semiplicata. 

3. An upper black slate, with hard pyritous 
bands, especially at the base, thickly crowded with 
fossils. Tremadoc, Maentwrog, and W. of Ffestiniog. 
Fossils, Olenus alatus, O. scarabsBoides, Agnostus prin- 
ceps, several sp. of Conocoryphe, Orthis lenticularis, 
Dictyonema ? sociale." 

To these fossils the following may be added : — 
Parabolina (O.) spinulosa, U. 
Ctenopyge (Olenus) flagellifera, U. 
S. (0.) humilis U. (= 0. alatus). 
Conocoryphe ? (Acerocare) ecome ? 
Dikellocephalus celticus, Q. 
Lingulella lepis L. and U. 
Kutorgina cingulata, U. 

Tremadoc Series. 

" Lower ^ chiefly Black Slate. 

Upper. Sandstones, grey and bluish: iron beds: fer- 
ruginous slate, &c.)" (Salter. Cat. Camb. 
and Sil. Foss. p. 15.) 
The characters of the formation may... be examined in the 
sea-cliffs of Ogof-ddu near Criccieth, where the harder grey 
Lower Tremadoc slate, with many lines of ashy material, is seen 
to overlie and pass down into the upper black slate, full of 
fossils. But here the Tremadoc series is barren of fossils, and 
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we must refer to the opposite side of the anticlinal axis, and 
examine the sections near Moel-y-gest, and other places in the 
Tremadoc district, in order to find the fossiliferous zones" {Geol. 
NoHh Tfafos, p. 356). 

The Tremadoc slates are seen in the Promontory of Penrhyn 
between Traeth-bach and Traeth-mawr, Fortmadoc, and the 
fdlowing section is given in ascending order: — 

"2. 3. 4. Iron-stained dark slates, with a thick series above 
them of hard blue rock, sometimes almost massive, with occa- 
sional beds of pisolitic iron, and with many lines of felspathic 
matter. (A few beds of the same nature lie below the dark 
slates.) Psilocephalus innotatus, Niobe Homfrayi, with small 
Lingulellse, and Dictyonema sociale are characteristic of it. 

[Lower Tremadoc slate.] Hills above Aber-ia, near Deu- 
draeth. 

5. 6. Slate with a pencil fracture, in thick beds, interspersed 
with hard, tough, and sandy layers, the same as those quarried 
for building at Portmadoc. Asaphus Homfrayi was found here. 
The same beds rich in fossils at Tremadoc. 

7. 8. Alternating series of hard bluish flat-bedded slates and 
pencil slate. . , ; fossils rare. Penamser east of Tremadoc, Penrhyn- 
llwyd, &c. [The iron-ore occurs in this series at Tremadoc.] 

9. Soft thin bedded sandy shales. Marsh opposite Deu- 
draeth, Minffordd, &c. 

10. Hard bluish flags. Garth Hill, north side of west end 
of hill, and south side of east end, reaching to Deudraeth. Bich 
in fossils.*. Angelina Sedgwickii, Asaphus Homfrayi, Cheirurus, 
Ogygia scutatrix, Conularia, Orthoceras, &c., with large speci- 
mens of Lingulella Davisii" (Oeol North Wales, p. 86). 

The thickness of these rocks is about 1000 feet. 

Beds of pisolitic ironstone occur at Bettws-garmon and have 
been correlated with the Tremadoc beds. Sir A. Bamsay con- 
siders that these beds thin out towards the Menai Straits {OeoL 
North Wales, p. 250) and this can be well explained, for at 
Carnarvon we find Arenig ? (or Llanvim) rocks resting against 
the old Precambrian ridge which is found there, and which 
must have stood up as a ridge of land in earliest Cambrian times, 
and undergone gradual submergence. On the north-west side 
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of this ridge Professor Hughes has detected Tremadoc rocks of 
shallow-water character in Anglesea (Q. J, O. 8, vol. xxxvi. 
p. 237). Quartz-jasper conglomerates are described by him as 
passing into grey sandstones which weather yellow and contain 
Orthis carausii and Neseuretus ramseyensis. The following is 
a list of fossils characterising these rocks in North Wales: — 



Niobe Homfrayi 
Psilocephalus innotatus 
P. inflatus 

Conocoryphe depressa 
C. verisimilis 
Angelina Sedgwickii 
Dikellocephalus furca 
Asaphus affinis 
A, Homfrayi 
Ogygia scutatrix 
Neseuretus ramseyensis 
Cheirurus Frederici 



Ceratiocaris ? latus 
C ? insperatus 
Lingulella lepis 
Orthis carausii 
Theca operculata 
T. bijugosa 
T. arata 
T. trilineata 
Conularia Homfrayi 
Bellerophon arfonensis 
B. multistriatus 
Orthoceras sericeum 



Lingulocaris lingulaecomes 

The admixture of so-called 'primordial' forms with later 
ones will be noticed. 

Arenig Series. A considerable amount of confusion prevails 
concerning the beds which should be assigned to this series in 
North Wales. The following classification of these rocks is 
given by Dr Hicks (Q. J. 0. 8. xxxii. p. 137). 

"a. Shales of Bangor and Carnarvon, and shales 

under and mixed up with the lower ash-beds in the 

Arenig mountains, and to the N.E. and N.W. of 

Portmadoc. 

b. Slates at Ty Obrey, and under the above near 

Arenig. 

Middle f^ . , , ^ 

Arenig. { ^^* ^^ ^* ^^ ^^^^^^ *^- 

Lower ( Upper Tremadoc rocks near Portmadoc, and black slates 

Arenig. ( under the grit bed near Arenig, &c." 

The upper Arenig of the above must now be grouped with 
the Llanvim series, according to Hicks, so that the grit bed at 



Upper 
Arenig. ' 
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Ty Obrey, &c. (Garth Grit), instead of forming the base of the 
Arenig, really forms its upper member, unless indeed the beds 
of Ty Obrey and Tai-hirion be included with the Arenig series 
as seems to be indicated by their fossils. 

The following fossils are given in the Geology of North 
Wales, p. 376. 

At Manod Ffestiniog. Calymene parvi&ons. 

At Tai-hirion. Agnostus sp. Calymene parvifrons, Ogygia 
Selwynii, Diplograptus pristis (this can hardly be Hisinger's 
species), Theca vaginula, Obolella like plumbea, Orthis testu* 
dinaria. 

At Ty Obrey. Calymene parvifrons, ^glina caliginosa, Di- 
onide atra, Diplograptus mucronatus, Climacograptus teretius- 
culus, C. bicomis, Dicellograptus ramosus, Dendrograptus 
furcatula, Lingulella lepis, Ctenodonta, Palsearca socialis, 
Conularia corium, C. margaritifera, Theca vaginula, Orthoceras^ 
Dictyonema sociale ? 

The following then seems to be the succession of the Arenig 
beds of North Wales : 

1. Hard grey or bluish flags, with Asaphus Homfrayi, 
Angelina Sedgwickii, Ogygia scutatrix, lingulocaris lingulae- 
comes, Cheirurus Frederici, Conularia corium, Lingulella Davisii, 
Callograptus, &c. 

2. Garth Grit. 

8. Shales of Ty Obrey, Tai-hirion, &c. 

Owing to this recent change of nomenclatures it is impossible 
to give a thickness of the Arenig rocks of North Wales. At 
Cader Idris; the Moelwyns, the Aran and Arenig mountains, 
volcanic lavas, ashes, and agglomerates occur with thicknesses 
varying from 1000 to 5000 feet. 

The grit beds and conglomerate which have been described 
by Prof. Hughes as occurring above the Precambrian rocks of 
Twthill, Carnarvon, may belong to this series, but it is doubtful 
whether true Arenig beds have been described in Anglesea, the 
recorded fossils pointing rather to the Llanvim age of the beds 
which contain them. 

Llanvim Series. Dr Hicks in the Popular Science Review 
(N. S. vol. v.), correlates certain beds near Carnarvon with this 

8—2 
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series, on account of the affinities of a group of fossils found by 
myself in 1875, with those of his true Llanvim beds. The beds 
consist of bluish black, micaceous shales, with little or no 
cleavage, the particles of the rock being exceedingly minute. 
Their thickness has not been measured. 
The following fossils occur : 

Didymograptus bifidus Trinucleus sp. 

D. indentus Barrandea sp. 

D. Murchisoni Obolella sp. 

Caryocaris Marrii Bellerophon perturbatus 

-^glina Hughesii Orthoceras Avelinii. 

In Anglesea, Professor Hughes has found black shales, resting 
upon brown sandstones near Llangwyllog church, containing : — 

Dicellograptus n. sp. allied to D. sextans 
Diplograptus dentatus 
D. foliaceus 

Climacograptus confertus 
C. coelatus 

Qlossograptus ciliatus 
and the Geological survey lists also give : — 
^glina major 
Trinucleus Murchisoni 
nisenus Hughesii. 

" From the evidence before him, Mr Lapworth is inclined to 
refer the bed to the middle part of the 'black-shale group,' 
expressing some doubt as to whether they should be called 
Highest Arenig or Lowest Llandeilo." 

The shales "mixed up with the lower ash beds in the 
Arenig mountains, and to the N.E. and N.W. of Portmadoc " 
being correlated by Dr Hicks, as before stated, with the beds of 
Pont Seiont, Carnarvon, must be also referred to this series. 

Lower Bala {Llandeilo) Series. Black Shales found at 
Tiddyn Diccwm near Tremadoc, were found to contain grapto- 
lites by Mr Salter. The following species are recorded by 
Prof Lapworth {Distribution of the Rhabdophora, p. 27) : 

Didymograptus sp. Diplograptus dentatus 

Qlossograptus Hincksi D. tricomis 
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D. angustifolius C. bicornis 

D. Whitfieldi Dicellograptus sextans (?) 

Climacograptus Scharenbergi Dicranograptus ramosus. 

" There can be little doubt that they are actually of Llan- 

deilo age." 

The graptolitic black mudstones of Llanfaelrhys, Anglesea, 
noticed by Salter are placed by Prof. Lapworth on a higher 
horizon than the last beds. 

He records : — 

Dicranograptus formosus * 
Climacograptus Scharenbergi 
Species of Didymograptus. 

The only other fossiliferous beds of undoubted Lower Bala 
age occur in the neighbourhood of Llanrhaiadr-yn-mochnant, 
especially at Gorwyllt and Craig-y-glyn, where limestone many 
hundred feet thick rests upon ash-beds. The following fossils 
are recorded, on p. 388 of the Geology of North Wales, from the 
limestone of Craig-y-glyn :— . 

Asaphus tyrannus Orthis vespertilio 

Trinucleus concentricus O. turgida. 

Calymene Blumenbachii var. 

Cardiola interrupta is not recorded here or in any other of 
the localities given in this table. 

Middle Bala Series. The beds of this series, owing to the 
occurrence in places of volcanic rocks of contemporaneous origin, 
differ immensely both in lithological character and in thickness, 
but owing to the abundance of fossils usually found in them 
beds of very different character may easily be correlated. 

The only graptolite-bearing deposits of this age in North 
Wales, recorded in Prof. Lapworth's paper on the Distribution of 
the Rhabdophora, are those in the railway cutting west of 
Conway. They contain : — 

Dicranograptus Clingani Diplograptus foliaceus 

Idiograptus margaritatus Climacograptus bicornis. 

The strata of Lleyn are richly fossiliferous, and vary much 
in lithological character as seen by the description in the Sv/rvey 
Memoir, e. g. Ynysgaled, " brownish yellow sandy beds " ; Plas- 
hen, ** black rotten slate " ; Pwllheli, " slaty sandy fine-grained 
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rock"; Crugau, near Llanbedrog, "blue slate with calcareous 
nodules"; Boduan, "coarse felspathic breccia passing rapidly 
into brown gritty sandstone." 

A list of some of the more important and characteristic 
fossils is appended; a full list will be found in the Swrvey 
Memoir, p. 217: 

Calymene brevicapitata Lichas laxatus 

Trinucleus concentricus Orthis spiriferoides 

Asaphus Powisii 0. flabellulum 

nisenus Bowmanni Strophomena grandis 

Phacops conicophthalma Lingula ovata 

P. apiculatus Bellerophon bilobatus 

Homalonotus bisulcatus Pterotheca corrugata. 

Cybele rugosa 
The calc^eous ashy beds (correlated by Ramsay with the 
Bala limestone), which cap the summit of Snowdon, and some of 
the neighbouring hills contain well-known Middle Bala fossils. 

In Anglesea there are no very fossiliferous beds of undoubted 
Middle Bala age. 

The beds of Denbighshire and Montgomeryshire are in 
places richly fossiliferous, but present no very divergent litho- 
logical characters. Fossil lists will be found in the Appendix 
of Volume ill. of the Geological Survey Memoirs. 

In Merionethshire, the beds of the typical Bala area merit a 
somewhat fuller consideration. 

The beds below the Bala Limestone consist of black shales, 
often very fossiliferous, about 4000 feet in thickness. In places 
they assume a somewhat arenaceous character. The Bala Lime- 
stone itself is usually under fifty feet thick, and differs in 
lithological character, being often interstratified with ashy 
calcareous shales. At Bhiwlas it is a dark-grey limestone 
apparently deposited in rather deep water. The beds above 
the Bala Limestone consist of dark shales, about 3000 feet in 
thickness, some of which, by their fossils, must be included in 
the Middle Bala series, the Upper Bala beds being those in 
immediate association with the Himant Limestone. 

The following list contains some of the more characteristic 
fossils: — 
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Choetetes petropolitana Ampyx tumidus 

Echinosphaerites Balticus Trinucleus ooncentricus 

E. granatum T. seticomis 

Glyptocrinus basalis Cythere umbonata 

Palseaster obtusus Beyrichia complicata 

Agnostus trinodus Lingula ovata 

Asaphus Fowisii Orthis actoniae 

Calymene brevicapitata O. flabellulum 

Cheirurus juvenis 0. calligramma 

Cybele rugosa . O. alternata 

Homalonotus bisulcatus 0. spiriferoides 

Illsenus Davisii O. testudinaria 

Lichas laxatus 0. vespertilio 

Phacops apiculatus Strophomena rhomboidalis 

Eemopleurides Colbii Cyrtoceras sonax. 

R allied to radians 

For details of sections of the beds near Bala, I would refer 
to a valuable paper by T. Ruddy, Esq. (Q. J. 0. 8. xxxv. p. 200). 

Upper Bala Series. There is considerable doubt at present 
what beds should be included in this series ; some beds having 
been referred to this, which probably belong to the Middle Bala^ 
and again, there has been considerable confusion between the 
Upper Bala and the lowest part of the May Hill group ; I shall 
therefore confine myself to a short description of beds which 
Sedgwick placed in the Upper Bala groups and which contain 
fossils quite distinct from those of the Middle Bala, some of 
which are distributed very widely through Europe ; these beds 
are those grouped under the term Himant Limestone. This 
stage consists at the base of a series of fossiliferous shales 
succeeded by thin bands of limestone, associated with fossiliferous 
grit. The stage has been well described in the paper by Mr 
Ruddy, to which reference was made before. A good section 
of this stage is described by him (p. 205), and the following is 
the succession : — 

2. Highly fossiliferous shales, full of Himant species 20 feet. 
Orthis himantensis, O. sagittifera, O. biforata, O. elegantula, 
Nebulipora lens, Favosites (Stenopora) fibrosus, Encrinites. 

3. Band of pisolitic limestone, 2 feet (fossils). 
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4. Shale and concretionary limestone, 3 feet (fossils). 
These are the undoubted Hirnant beds, and they are 

succeeded by : — 

5. Band of soft decomposing grit, 2 feet (fossils). 

6. Fossiliferous shales passing up into slaty shales. 

7. Soft blue slaty shale, underlying the Tarannon shale. 
These latter probably belong to the Silurian system. 

Mr Euddy states that the Hirnant grits are not less than 
250 feet thick in the Hirnant valley. 

Besides the above-named fossils the following occur : — 

Orthis testudinaria 

Area Edmondiiformis 

Modiolopsis modiolaris. 
The Orthis hirnantensis is the most important fossil. 

Silurian System. 

May HiU Series, The May Hill series of North Wales 

consist of three well-marked stages, a grit at the base, black 

shales in the centre, and pale green shales above. The grit 

series varies considerably in character, and rests unconformably 

upon the underlying Cambrian system, so that the Silurian 

base sometimes reposes on Upper Bala, at other times upon 

Middle Bala beds. The suspicion that the upper grits of 

the Hirnant district may be of this age has been already 

alluded to ; at Corwen, Prof. Hughes has described (Q. J, 0. 8. 

xxxm. p. 207) coarse quartzoze grits, about 50 feet thick, 

apparently unfossiliferous, under the name of the Corwen 

grits. At Cerrig-y-druidion, these grits are interstratified with 

finer shaly bands. At Cym-y-brain, the grits are fossiliferous, 

and contain well-known May HiU species as Meristella crassa. 

Pentamerus oblongus is recorded from Cerrig-y-druidion and 

must come from May Hill beds. The black shales contain 

graptolites, which are all of species to be subsequently 

mentioned as occurring in the shales of Birkhill, S. Scotland, 

e.g. 

Monograptus convolutus var. communis 

M. Sedgwickii ? 

M, tenuis 
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M. gregarius 

Climacograptus normalis ? 
Professor Hughes has discovered a graptolitic fauna belonging 
to the same stage in Anglesea, on Paris Mountain. He records 
(Q. J. Q. 8. XXXVIII. p. 27). 

Bastrites (Monograptus) triangulatus 
Monograptus gregarius 
M. altematus 
Diplograptus tamariscus 
D. acuminatus 
D. modestus 
. Climacograptus rectangularis 
C. normalis. 
The third stage of the series, the pale green (the so-called 
Tarannon) shales, has yielded graptolites to Prof. Lapworth in 
the cliffs opposite Conway Castle. He found (Cf. Distribv/tion 
of Rhabdophora, p. 39) : — 

CUmacograptus normalis M. Becki 

Diplograptus palmeus M. galaensis 

Retiolites Qeinitzianus M. Sedgwicki 

Monograptus priodon M. fimbriatus 

M. exiguus M. turriculatus. 

M. Halli 

Salopian Series, To this group belong the Denbighshire 
Grits and Flags, occupying large areas around the Vales of Dee 
and Clwyd. 

They consist of the following stages : — 

1. Blue flaggy slates (Pen-y-glog quarry, &c.). 

2. Coarse grits (top of Pen-y-glog quarry). 

3. Llansannan shales. ~ 

4. Coarse grits (only seen in Clwyd valley). 

Sir A. Eamsay gives the thickness of the shaly and con- 
cretionary rocks of the base (apparently 1 of above section) at 
1700 feet, and of the flaggy and sandy strata (probably 2 and 3) 
at 3000 feet. 

Fossils of 1. 
Monograptus priodon M. Halli 
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M. vomerinus Orthoceras primaBvum. 

Cyrtograptus Murchisoni Eetiolites Geinitzianus 

. Acroculia haliotis Cardiola interrupta 

Fossils of 2. 

Favosites fibrosus O. biloba 

Calymene Blumenbachii Rhynchonella nucula 

Fhacops caudatus B. borealis 

P. Downingiae Spirifera plicatella 

Beyrichia Kloedeni S. elevata 

Orthis elegantula 

Characteristic Fossils of 3. 

Favosites fibrosa Cardiola interrupta 

Tentaculites omatus C. striata 

Actinocrinus pulcher Holopella gracilior 

Atrypa reticularis Orthoceras laqueatum ? 

Ehynchonella Wilsoni 0. tenuicinctum 

B. navicula 0. tracheale 

R nucula Cycloceras ibex. 

No fossils are recorded firom 4. 

The abundance of Cardiola interrupta is to be noted. It 
occurs on the same horizon in many parts of Europe. 

No higher Salopian beds, and no Downtonian beds occur in 
North Wales, partly perhaps owing to subsequent denudation, 
but as the highest beds seen shew signs of having been depo- 
sited in shallow water, it is probable that the period of deposi- 
tion during Silurian times came to an end in the North Welsh 
area much sooner than in the area to the south-east 

Having now described the North Welsh area, where the 
typical Cambrian beds are seen, it will be convenient to consider 
next the area where the Silurian system has its typical develop- 
ment, viz. :— 

2. The Welsh Borders. 
Cambrian System. 

Harlech Series. The rocks of this series are found in the 
Longmynd Hills of Shropshire, where they consist of green and 



CAMBRIAN AND SILURIAN ROCKS. 43 

purple grits, and couglomerates, with slaty beds. Their thick- 
ness is given at 8000 feet. Fossils : — 

Arenicolites didymus 

A. sparsus 

Palseopyge Bamsayi. 
Menevian Series. The fossils characteristic of the Menevian 
beds have not been detected in this area, and any rocks of this 
epoch which may have been deposited in the area at this period 
have not yet been distinguished. 

Idngula Flag Series. Beds of this epoch occur resting 
against the Precambrian rocks of the Malvern Hills. Two 
divisions or stages : — 

1. Hollybush Sandstone, greenish or brownish sandstone, 
with conglomerate at the base ; maximum thickness, 600 feet 
Fossils :— 

Scolecoderma antiquissima 

Lingula 

Kutorgina cingulata. 

2. Malvern Shales, blackish shales, 500 — 1000 feet thick. 
Fossils : — 

Dictyonema sociale Eeltura scarabaeoides 

Agnostus trisectus Sphaerophthalmus alatus. 

The Hollybush Sandstone also occurs • near the Wrekin, 
where it contains Kutorgina cingulata, but there is no represen- 
tative of the Malvern Shales. 

Tremadoc Series. In South Shropshire, Mr Callaway has 
discovered a Tremadoc fauna in the Shineton shales, "dark 
blue, weathering to olive and yellow, micaceous, thin- 
bedded, soft, and rather fissile At the top of the series 

the shales become more arenaceous, and thicker-bedded" 
(Q. J. 0. S. XXXIII. p. 657). Thickness estimated at not less 
than 1600 feet. Fossils : — 

Dictyonema sociale Olenus Salteri 

Qonograptus Conophrys salopiensis 

Bryograptus Callavei Theca lineata 

Asaphus Homfrayi Bellerophon shinetonensis. 

Euloma ? monile 
Arenig Series. In the neighbourhood of Shelve in Shrop- 
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shire, true Arenig shales occur. Prof. Lapworth records 
Phyllograptus, Didymograptus, and Trigonograptus from the 
lowest zones of the Bog Mine, and records the finding by Mr 
Hopkinson of Didymograptus patulus, and Qematograptus 
implicatus. 

Llcmvim Series, These beds are considered by Dr Hicks to 
occur at Shelve, and the following fossils given in Siluria, 
p. 48, seem to be referable to this horizon :— 

Didymograptus Murchisoni Trinucleus Murchisoni 
D. geminus Obolella plumbea 

^glina binodosa Bedonia anglica 

Ogygia Selwynii Bibeiria complanata 

Illaenus perovalis Orthoceras Avelinii. 

The graptolites are very characteristic of Llanvim beds. 
Lower Bala {Llandeilo) Series. Murchison {Siluria, p. 50) 
describes the lower strata of the Stiper-stones passing up into 
"a thick succession of flagstones of dark-grey and light-blue 
colours, in part calcareous, such as those which compose the 
chief mass of the Llandeilo series." Fossils : — 

Asaphus tyrannus 
Ogy^ Buchii 
Trinucleus, &c. 
Middle Bala Series, In some places arenaceous, in others 
argillaceous, the arenaceous type is known as Caradoc Sandstone. 
The following subdivisions given by Messrs Aveline and Salter 
in descending order : — 

5. Thin bedded sandy Trinucleus shales (T. concentricus). 
4. Fossiliferous brown and yellow sandstones. 
3. Thick freestone beds (Horderley Flags). 

2. Coarse yellow sandstone (Hoar Edge Grits). 

1. Sandy argillaceous shales. 

Argillaceous type found in South Shropshire, its subdivi- 
sions are : — 

3. Chatwall sandstone with Orthis altemata. 

2. Hamage shales. 
1. Hoar Edge Grits. 

Fossils : — 
Diplograptus pristis Beyrichia complicata 
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Trinucleus concentricus O. vespertilio 

Orthis testudinaria O. flabellulum. 

0. altemata 

Upper Bala Series. Not distinctly made out. 

Silurian System. 

May HiU Series. In this area, the land seems to have been 
submerged at the commencement of the Silurian times, some- 
what later than in the aresirS further south, so that only higher 
beds of the May Hill series are found. They occur in Shropshire, 
Gloucestershire, Worcestershire, &c., resting upon different 
members of the lower system, and consist usually of calcareous 
sandstones, with conglomerates at the base, the sandstones 
usually being of a yellowish, sometimes greyish colour, suc- 
ceeded by purple shales, the average thickness being about 
1000 feet. Fossils :— 

Petraia bina Fentamerus globosus 

Lindstroemia subduplicata F. oblongus 

Tentaculites anglicus F. undatus 

Acidaspis Brightii Stricklandinia lens 

Encrinurus pimctatus S. lirata 

Cyphaspis megalops Bhynchonella nuctda 

Fhacops imbricatulus Strophomena euglypha 

Atypa reticularis Pterinea retroflexa 

A. imbricata Bellerophon trilobatus 

Meristella crassa Fhragmoceras ventricosum. 

Orthis reversa 

Monograptus priodon is recorded from May Hill in the 
Survey Memoirs. In other areas it has not been found lower 
than the representatives of the uppermost portion of the May 
Hill series (the Tarannon shales). 

The Salopian Series. Frofessor Lap worth makes this sub- 
division to include " Murchison's Great Mudstone series, which 
includes the so-called Wenlock and Lower Ludlow groups, as 
high as the horizon of the Aymestry Limestone." It consists of 
a series of shales, with lenticular masses of limestone of varying 
thickness, and the following are the subdivisions in ascending 
order : — 
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Eetzia Barrandii 
Strophomena omalensis 



1. Woolhope and Barr Limestone. 

2. Wenlock Shales. 

3. Wenlock Limestone. 

4. Lower Ludlow Shales. 

The thickness of the whole is about 1700 feet. Of the 
numerous fossils found in this area, the following may be 
selected as very characteristic. 

From 1 and 2 : — 
Cyrtograptus Murchisoni 
Phacops caudatus var. corruga- 
tus 

From 3 :— 
Dictyonema retiformis 
Omphyma turbinata 
Crotalocrinus rugosus 
Taxocrinustesseracontadactylus 
Pseudocrinites quadrifasciatus 
Turrilepas Wrightianus 
Lichas anglicus 
Sphaerexochus minis 
Homalonotus delphinocephalus 
Proetus Stokesii 
Acidaspis crenatus 
Lingula Lewisii 

From 4 : — 
Monograptus colonus 
M. leintwardinensis 
M. Eoemeri 
Protaster Miltoni 
Ceratiocans robustus 
Pterygotus arcuatus 
SUmonia punctata 
Phacops Stokesii 
Spirifer trapezoidalis 

Downtonia/n Series. 

1. Aymestry Limestone, 30 — 40 feet. 

2, Upper Ludlow Bed. "Flaggy arenaceous shale, 
with beds of thin shelly limestone." 140 feet. 



Cyrtia exporrecta 
Meristella Circe 
B.etzia Barrandii 
Bhynchonella borealis 
R. Wilsoni 
Pentamerus galeatus 
Avicula mira 
Grammysia cingulata 
Conularia Sowerbyi 
Euomphalus funatus 
Phragmoceras ventricosum 
Gomphoceras pyriforme 

Pentamerus Knightii var. 

elongatus 
P. galeatus var. 
Ambonychia striata 
Acroculia euomphaloides 
Murchisonia Lloydii 
Orthoceras perelegans 
Trochoceras giganteum 
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3. Downton sandstones; "light-coloured, thin-bedded, 
and slightly micaceous sandstones," with a bone bed at the 
base ; 100 feet at Malvern. 

4. Ledbury shales ; " red, grey, and purple marls, shales, 
and sandstones:" about 250 feet, passing upwards into the Old 
Bed Sandstone, some of which should certainly be included in 
this series. Downtonian Fossils :— 

Serpulites longissimus Strophomena filosa 

Pterygotus problematicus Chonetes lata 

P. Banksii Orthonota amygdalina var. re- 

Beyrichia Kloedeni tusa 

Discina rugata Platyschisma helicites 

Lingula cornea Bellerophon expansus 

Bhynchonella nucula Orthoceras bullatum 

Orthis lunata Onchus tenuistnatus. 

8. Central Wales, 

The beds of this area are described by Mr Walter Keeping 
(Q.J.Q.8. vol. xxxvn. p. 141). They all belong to the 
Silurian System. 

May Hill Series. 

1. Aberystwith Grits : « hard, compact, dark grey grit or 
greywacke, and dark shales, rabs, and imperfect slates in 
strikingly regular alternation." Cefn Hendre and Devil's 
Bridge, &c. Thickness estimated by Mr Keeping at not less 
than 1000 feet. Fossils :— 

Monograptus Sedgwickii Dictyonema delicatulum 

M. Clingani D. venustum 

M. lobiferus Odontocaulis Keepingi 

M. turriculatus Phacops elegans. 

Calyptograptus (?) plumosus Nereites Sedgwicki 
Bhizograptus (?) digitatus Myrianites tenuis. 

2. The Metalliferous Slates. Mr Keeping applies the 
terms " indurated shaly slate," " irregular slate," " flaggy slate," 
"hard pale slate-rock often much jointed," "pale slate with 
ribbon bandings " to this rock. He estimates the group at not 
less than 2000 feet thick. Fossils : — 
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Rastrites peregrinus 
R. maximus 

Monograptus Sedgwickii 
M. cyphus 
M. gregarius 
M. intermedius 
M. Clingani 
M. spiralis 
M. lobiferus 



M. runcinatus 
M. Hisingeri 
M. tenuis 
M. involutus 
Diplograptus Hughesii 
D. palmeus 

Climacograptus normaKs 
Nereites Sedgwickii 
Myrianites McLeayi. 



Professor Lapworth considers from the fossil evidence that 
the metalliferous slates should be below the Aberystwith grits, 
and during a hasty traverse over the area I was much struck 
with the resemblance of the Devil's Bridge beds (Aberystwith 
grits) to the Tarannon shales, and of the Morben beds at Mac- 
hynlleth to the Birkhill group, the distinction being that the 
Central Welsh beds are shallower-water deposits. 

Salopian Series (?). Plynlimmon group. Coarse grits with 
" a profusion of felspar crystals, and large blebby quartz grains." 
The group is however "still, in the main, a slate series, some of 
the slate being pale and papery." Mr Keeping considers 1000 
feet an under-estimate of their thickness. No fossils have been 
found in situ. 



4, Sovith Wales, 
Cambrian System. 

(Cf. Hicks, Pop. Sd, Rev. N. S. vol. v.) 

Harlech Series, rests unconformably upon Precambrian rocks. 
Divided by Hicks into two groups, the lower of which he terms 
Caerfai, and the upper, the Solva. 

Upper, 1000 feet. Purple Sandstones with Anne- 
lids, &c. 
p « . Middle, 50 feet. Eed Shales and Schists, with 

^ - Leperditia Cambrensis, Lingulella primaeva, Discina 

caeriaiensis, &c. 

Lower, 520 feet. Conglomerates and Greenish 
Flaggy Sandstones, with Annelids, Fucoids, &c. 



Solva 
Group. 
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Upper, 150 feet. Grey Rocks with Paraxioxides 
aurora. 

Middle, 1500 feet. Grey, purple and red Rocks, 
with Paradoxides solvensis,^Conocoryphe solvensis, &c. 

Lower, 150 feet. Yellowish Grits, Sandstones, 
and Flags with Paradoxides Harknessi, Plutonia 
Sedgwickii, and also Eophyton, large Fucoids, &c. 



Menevian Series. The Solva beds gradually pass into the 
Menevian, the beds assuming a deeper-water character, and 
becoming darker. Subdivided by Dr Hicks into : — 

"Upper, 100 feet Sandstones and Shales, with Orthis 
Hicksii, &c. 

Middle, 350 feet. Flags and Slates, with Paradoxides 
Davidis, &c. 

Lower, 300 feet. Grey Flags, with Paradoxides Hicksii, &c." 

Other Fossils : — 

Protospongia fenestrata Erinnys venulosa 

Microdiscus punctatus Anopolenus Henrici 

Holocephalina primordialis Arionellus longicephalus 

Conocoryphe variolaris Theca corrugata, &c. &c. 

lAngvla Flag Series, This series is not well developed in 
the St David's area. It is " a series of sandstones and shales, 
occasionally ripple-marked. Very barren for the most part, 
and showing a return to shore deposits." Only the lower 
(Maentwrog) and middle (Ffestiniog) divisions of the series are 
here seen, the upper (Doigelly) division on the other hand 
being the only one found in the Malvern area, whilst the three 
occur in North Wales. The characteristic Lingulella Davisii is 
found in the St David's area. 

Tremadoc Series. The Tremadoc rocks of St David's are 
said by Dr Hicks to have been deposited under conditions 
intermediate between the " shallow water of the Lingula Flag 
and the deep water of the succeeding Arenig series, and under 
the circumstances it is not surprising to find their fauna very 
different from that which characterises the Tremadoc rocks 
in other places. The rich lamellibranch fauna is particularly 

i 
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noticeable. The beds represent only the Lower Tremadoc rocks 
of North Wales, according to Dr Hicks. The following are 
some of the fossils : — 



Neseuretus ramseyensis and 

three other sp. 
Niobe solvensis 
N. menapiensis 
Bellerophon ramseyensis 
Palasterina ramseyensis 



Ctenodonta menapiensis 
Qlyptarca primaeva 
Modiolopsis ramseyensis 
Orthis Carausii 
0. menapiae. 



Arenig Series, The Lower Arenig of St David's consists of 
fine black slates and shales, with a thickness of about 1000 feet. 
Some of the fossils are here given : — 



Didymograptus extensus 
D. pennatulus 
Phyllograptus stella 
Trigonograptus ensiformis 
Dendograptus flexuosus 
Oallograptus radiatus 



Dictyonema Homfrayi 

Asaphus Homfrayi 
Ogy^a scutatrix 
Lingulella Davisii 
Orthis lenticularis 
Conularia Homfrayi. 



Dr Hicks correlates this, as before stated, with the Upper 
Tremadoc rocks of North Wales, and the resemblance in the 
fossils is striking. . 

Upper Arenig of St David's consists of slates and flags, 
with narrow bands of sandstones intercalated, about 1500 feet 
thick, and represented wholly or in part by the Garth Grit of 
North Wales, Some of the fossils are : — 



Didymograptus patulus 
Tetragraptus serra 
CaUograptus elegans 
Agnostus hirundo 
Ampyx Salteri 
^glina grandis 



Ogygia peltata 
Trinucleus Gibbsii 
Theca Harknessi 
Orthoceras sericeum 
Bellerophon multistriatus. 



Llanviim Series. At St Davids, this series is composed of 
dark slates and shales, with beds of contemporaneous volcanic 
tufif, the whole being about 2000 feet thick. Well seen at 
Llanvim, where it has jdelded many fossils to Dr BLicks. 
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iEglina obtusicaudata Conularia Uanvimensis 

Barrandea Homfrayi Orthoceras Avelinii 
Calymene parvifrons van Mur- Didymograptus bifidus 

chisoni D. indentus 

Ulaenus Hughesii D. Murchisoni 

nioenopsis ? acuticaudata D. patulus 

Placoparia cambriensis Climacograptus confertus 

Pbacops Uanvimensis Diplograptus dentatus 

Trinucleus Bamsayi Glossograptus ciliatus. 

Lower Bala Series. Sir R. I. Murcbison described beds 
belonging to tbis series in the Llandeilo area, under the name 
of the Llandeilo beds. They however belong to Sedgwick's 
Lower Bala Series, and the name Llandeilo is associated with 
so great errors that it cannot be adopted. Its stratigraphical 
position was mistaken, and beds of all ages were referred to it 
by Murcbison merely because they contained graptolites. It 
consists at Llandeilo of dark shales with interbedded sandstones, 
followed by calcareous grits, succeeded by shales with Asaphus 
tyrannus, and over these are calcareous flagstones and shales. 
In Pembrokeshire the lower stage of the series consists of 
calcareous shales and flags with Asaphus tyrannus, &c., 800 feet 
thick, and the upper of black slates, flags, and flaggy sandstones 
with Ogygia Buchii, &c., over 1000 feet in thickness. The 
beds which Dr Hicks described in 1875 as Lower Llandeilo, 
occurring on the south side of Abereiddy Bay, are now included 
by him in the Llanvim series. Fossils of the Lower Bala 
rocks : — 

Lower Stage, 

Dicellograptus moflatensis Leptsena sericea 

Asaphus tyrannus Bellerophon perturbatus. 

Trinucleus Lloydii 

Upper Stage. 

Agnostus ITCoyi *Oheirurus Sedgwickii 

Ampyx nudus Ogygia Buchii 

Barrandea Cordai Bellerophon perturbatus. 



Calymene duplicata 



4—2 
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At St Clear's, near Carmarthen, the following fossils are 
recorded by Prof. Lapworth : — 

Dicranograptus formosus 
Diplograptus foliaceus 
Climacograptus perexcavatus. 

Middle Bala Series, Rocks of this age occur in South 
Wales, and one of the most prolific localities is Sholeshook, 
near Haverfordwest, which has yielded characteristic Middle 
Bala Fossils, as : — 

SphsBronites stelluliferus Trinucleus seticomis 

Cybele Loveni Remopleurides radians 

Lichas laxatus Stygina lati&ons. 

From a railway-cutting near Cynghordy station Prof. Lap- 
worth records : — 

Diplograptus foliaceus 
Qimacograptus bicomis 
Dicellograptus Forchhammeri. 

Upper Bala Series, No lists of fossils from Upper Bala of 
South Wales have been given by McCoy or others. 



Silurian System. 

May Hill Series. A very variable series, consisting of con- 
glomerates, sandstones and shales, derived from the denudation 
of the rocks of the Cambrian system, to which they are uncon- 
formable. Local unconformities are recorded between the 
Upper and Lower stages of this series, as might be expected 
from the nature of the deposits. Such is the character of the 
unconformity between the Red and Coralline Crags, which has 
no significance when considering the classification of the 
larger rock-groups. The series is of variable thickness, but at 
Llandovery itself, as also in Pembrokeshire, it is over 2000 feet 
in thickness. Fossil lists from these rocks differ very much, 
partly perhaps owing to the record of Upper Bala species in 
some of the lists, partly owing to the recording of remani^ forms, 
and to those causes to which I have referred in the introduction 
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as likely to affect the fossil lists of beds at the extreme base of 
a system. Under these circumstances it will be as well to give 
a list of the fossils recorded from this series at Llandovery 
itself, firstly in the lower, and secondly in the upper stage 
marking those which are common to the two stages. This list 
is drawn up from the specimens in one collection only, viz. — 
that of the Woodwardian Museum. 

Lower Stage. 



Ischadites 

Nebulipora 

Favosites fibrosa 

F. gothlandica 

F. alveolaris 

Heliolites megastoma 

H. tubulata 

H. interstincta 

H. petalliformis 

Halysites catenularius 

Lindstroemia subduplicata 

L. subduplicata var. crenulata 

Phyllopora Hisingeri 

Pleurocystites Rugeri ? 

Tentaculites 

Serpulites 

Phacops elegans ? 

P. Stokesii 1 

Calymene Blumenbachii 

0. brevicapitata ? 

Encrinunis punctatus 

Atrypa maxginaUs ^ 

A. reticularis 

A. hemisphffirica 

Lingula 

Meristella crassa 

Stricklandinia lens 

Pentamerus oblongus 

P. undatus 



Orthis alata ? 

0. elegantula 

0. biloba 

O. calligramma 

0. plicata 

O. protensa 

O. insularis 

O. vespertilio 

Strophomena depressa 

S. depressa var. tenuistriata 

S. antiquata 

S. pecten 

S. arenacea 

Leptsena transversalis 

L. sericea 

Orthonotus 

Otenodonta Hughesii 

Murchisonia Lloydii 

M. sulcata 

Loxonema 

Cyclonema crebristria 

C. n. sp. ? 

Macrocheilus pupa 

Pleurotomaria balteata 

P. Bechei 

Euomphalus ? 

Bellerophon dilatatus 

B. ventriculus 

Trochoceras cornu-arietia. 
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Upper Stage, 

Stromatopora striatella P. globosus 

*Favosite8 fibrosa 
*F. alveolaiis 
*Heliolites interstincta 
*Halysites catenularius 

Petraia rugosa 

P. elongata 

P. bina 

P. uniserialis 
♦Lindstroemia subduplicata 
*Encrinurus punctatus var. 
arenacetis 

Homalonotus ? 

Proetus Stokesii 

Lingula 
*Atrypa reticularis 

Athyris obovata 
*Pentamerus oblongus 

It will be seen that nearly seventy per cent, of the species 
occurring in the upper stage are found also in the lower in this 
one area, shewing that the Lower May H^l beds ought certainly 
to be included within the same system as the upper, and that 
they in truth form stages of one series. 

Salopian Series, Beds belonging to this series occur in 
various parts of South Wales. They have been described by 
Prof. Sollas in the neighbourhood of Cardiff (Q. /. O. S, xxxv. 
p. 475), and amongst others, the following fossils occur there : 



*P. undatus 

Meristella 
*Orthis insularis 
*0. protensa 
*0. biloba 
*0. elegantula 
*0. calligramma 
*Strophomena depressa 
*S. antiquata 
*Lept8Bna transversalis 
*L. sericea 

L. scissa 

Conularia Sowerbyi 

Acroculia 

Murchisonia angulata 

Cyclonema 

Orthoceras. 



Omphyma turbinata 
Bellerophon wenlockensis 
Euomphalus sculptus 
E. funatus 



Ehynchonella Wilsoni 
Phacops iiaudatus 
lUaenus Barriensis 
Tentaculites ornatus. 



Pentamerus galeatus 

« 

From the base of the Salopian Series near Builth, Professor 
Lapworth records the following graptolites, which were found in 
calcareo-carbonaceous shales : — 
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Monograptus priodon M. colonus 

M. Halli Cyrtograptus Murchisoni 

M. vomerinus Retiolites Geinitzianus. 

Downtonian Series. Beds of this series are described by 
Prof. SoUas in the Cardiff area, consisting of greyish and 
brownish mudstones passing up into beds referred to the Old 
Red Sandstone : some of the fossils are : . 

Rhynchonella nucula Pterinea Sowerbyi 

R. borealis Mytilus mytilimeris 

Spirifer elevatus Murchisonia Lloydii 

5. plicatellus var. radiatus Phacops caudatus. 
Chonetes striatella 

And higher up in the series a bone bed with Onchus tenui- 
striatus. 

5. Cormvall. 

Cambrian System. 

Llanvim Series 'i Professor Sedgwick obtained from hard 
quartzites at Cam Goran, in S. Cornwall ; 

Calymene Tristani 
Strophomena sp. 
Orthis sp. 

The first-named fossil occurs in Brittany along with Placo- 
paria and other Llanvim fossils. 

6. The Lake District. (Including Craven and Pennine Areas.) 

Cambrian System. 

Lingula Flag Series ? The base of the Cambrian System is 
not seen in the Lake District, and the oldest beds were 
described by Prof Sedgwick as the Skiddaw Slates. They 
have been subdivided by the Rev. J. C. Ward on lithplogical 
grounds, and he considers the Lingula Flag series to be repre- 
sented by the lowest rocks he has found, viz., — the thick- 
bedded sandy and gritty series of Grasmoor and Whiteside, but 
no fossils have been found in those beda 
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Tremadoc Slate Series 1 Above the last-named grits are 
placed black iron-stained slates, which have yielded fossils 
viz. : — Niobe Doveri and Oybele ovata. 

Arenig Series, The black iron-stained slates are succeeded 
by a coarse grit, seen around Skiddaw, and supposed by 
Mr Ward to represent the Garth Grit of North Wales, and 
above it come the t\\ie Skiddaw slates, consisting of black, 
badly cleaved clay slates. The thickness of the Skiddaw slates 
is estimated by Prof. Harkness at 7000 feet. They have 
unfortunately not yet been carefully subdivided into zones, but 
a great bulk certainly represents the Arenig Series, as proved 
by the graptolites. 

The following are some of the fossils : — 

Dichograptus octobrachiatus D. nitidus 

Loganograptus Logani D. patulus 

Tetragraptus bryonoides D. serratulus 

T. crucifer D. V-fractus 

T. Headi D. divaricatus 

T. quadribrachiatus Lingula brevis 

Phyllograptus angustifolius Palaeochorda major 

P. typus ^glina caliginosa 

P. Anna M, binodosa 

Trigonograptus lanceolatus Agnostus Morei 

Climacograptus antennarius Phacops Nicholsoni 

C. bicomis Trinucleus Gibbsii 
Diplograptus mucronatus Oaryocaris Wrightii. 
Didymograptus bifidus 

Llcmvim Series ? It is very probable that some of the fossils 
given in the above list belong to this rather than to the 
preceding series. Some of the higher Skiddaw slate beds under 
the Pennine Chain have yielded forms apparently belonging 
to the age of the Llanvim deposits. At EUergill, near Milbum, 
for instance, Prof. Lapworth records : — 

Didymograptus bifidus D. geminus 

D. patulus Diplograptus tricomis. 

But they are mingled with true Arenig forms, as Phyllo- 
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graptus and Trigonograptus : the beds are probably intermediate 
between the two series. 

Lower Bala Series, A series of andesitic lava flows, agglo- 
merates and ashes of green colour, about 12,000 feet thick, 
known as the Borrodale series (the Green Slates and Porphyries 
of Sedgwick), belong in the lower part to this series. They are 
considered by Mr. Ward and others to have accumulated chiefly 
on land, being formed solely by the piling-up of volcanic 
ejectamenta. No fossils have been found. At Ohapel-le-dale 
in Yorkshire, green unfossiliferous slates of marine origin, 
supposed by Prof. Hughes to be 10,000 feet thick, represent the 
volcanic beds of the Lake District proper. 

Middle Bala Series, The upper part of the Borrodale beds 
belong to this series. In the Pennine Area the volcanic beds 
are not greatly developed, and they are replaced towards the 
summit by about 300 feet of black deep-water shales (Dufton 
Shales, Harkness and Nicholson), with graptolites not yet deter- 
mined, and other organisms of undoubted Middle Bala age, as : — 

Oalymene Blumenbachii Strophomena expansa 

Trinucleus seticomis Orthis testudinaria 

Cybele Loveni Trematis corona 

lUfiBnus Bowmanni Lingula ovata 

Leptsena transversalis L. tenuigranulata. 
L. sericea 

These shales are succeeded by Coniston Limestone, about 
200 feet of limestone bands and calcareous shales, or in places, 
as at Keisley, of white and pink crystalline limestone. Fossils : — 

Heliolites interstincta spina. 

Streptelesma (?) aequisulcatum P. (C.) Eichwaldi 

Syringophyllum organum Galymene senaria 

Diplograptus Illaenus Davisii 

Beyrichia strangulata I. Rosenbergi 

Harpes Doranni Orthis calligramma 

Trinucleus seticornis 0. flabellulum 

Cybele Loveni O. insularis 

Phacops Brongniartii O. vespertilio 

Phacops (Ghasmops) brevi- Trochoceras cornu-arietis. 
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Upper Bala Series. The Ashgill Shales of Sedgwick and 
Salter succeed the Coniston Limestone, and have a very 
different fauna. They are never more than 200 feet thick, and 
consist of a lower stage of grey crystalline limestone, succeeded 
by poorly cleaved bluish or blackish shales. Fossils : — 

*Oaryocystites Davisii Orthis biforata 

♦Turrilepas 0. protensa 

Trinucleus concentricus O. vespertilio 

*Staurocephalus clavifrons 0. testudinaria 

*Phacops apiculatus Strophomena Siluriana 

*P. eucentra . *Holopea concinna 

Comulites *Orthoceras vagans. 

The species which also occur in the lower stage are 
marked (*). 

SiLUKiAN System. 

May Hill Series. Consists of three stages, the lower, (i) A 
series of gritty and conglomeratic beds, often calcareous, resting 
unconformably upon the beds of the lower System, (ii) A 
series of black shales deposited in deep-water, and usually grap- 
toliferous. (iii) Pale gteen and purple shales, the equivalents of 
the Tarannon shales of Wales, (i) and (ii) must be correlated 
with both Upper and Lower Llandovery (May Hill) of the 
Welsh area. The thickness of the whole is about 250 feet in 
places. The beds appear to have been deposited in somewhat 
shallower water in parts of the Craven area (Austwick), but are 
otherwise similar. 

Fossils of (i) O. sagittifera 

Favosites fibrosus Strophomena Siluriana ? 

Illsenus ? Meristella crassa 

Orthis protensa ? Atrypa altijugata ? 

O. biforata Ctenodonta anglica. 

Professor Lapworth subdivides the beds of (ii) the " Coniston 
Mudstones " into two zones, and records from the lower {tenuis) 
zone the following amongst other graptolites : — 

Diplograptus folium Climacograptus normalis 

D. confertus Betiolites perlatus. 



CAMBBIAN AND SILURIAN BOCKS. 59 

Monograptus spiralis M. cyphus 

M. Sedgwickii Eastrites peregrinus. 

M. tenuis 

From the higher [argentms) zone : — 

Diplograptus Hughesii M. lobiferus 

Olimacograptus normalis . ' M. attenuatus 
Eastrites peregrinus M. leptotheca. 

Monograptus ffisingeri 

Besides graptolites, the following fossils occur in the lower 
zone, chiefly in non-graptoUferous beds :— 

Petraia Encrinurus variolaris 

Acidaspis Leptaena quinquecostata. 

Cheirurus bimucronatus ? 

And in the higher zone : — 

Discinocaris Browniana Phacops elegans 

Peltocaris aptychoides Ampyx Roualti ? 

Acidaspis granulatus Leptssna quinquecostata 

Harpes Orthoceras araneosum. 
Cheirurus bimucronatus ? 

In black seams in the Pale shales 

Monograptus BQcki, 
M. turriculatus, 
M. priodon, 

occur in Stockdale, and Professor Lapworth records a Mono- 
graptus allied to M. Halli in similar beds in the Pennine 
district. 

Salopian Series, About 12,000 feet thick in the Lake 
District, and consists of shales (more or less cleaved in diflferent 
localities), flagstones and grits. 

Stages. Brathay flags, the zone of Cyrtograptus Murchisoni, 
fine blue cleaved flags with abundance of 

Monograptus priodon Cyrtograptus Murchisoni 

M. vomerinus Retiolites Geinitzianus 

M. Halli Peltocaris anatina. 
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(ii) Cold well beds, gritty at the base, and succeeded by 
more flaggy beds. Fossils : — 

Monograptus colonus Acidaspis Hughesii 

M. bohemicus Cardiola interrupta 

M. Roemeri Orthoceras primsBvum 

Actinocrinus pulcher O. dimidiatum 

Ceratiocaris Murchisoni 0. originale 

Phacops obtusicaudatus 0. elongatocinctum 

P. torvus O. recticinctum. 
P. Stokesii 

(iii) Ooniston Grits, with a band of intercalated flags 
containing Monograptus Roemeri, Cardiola interrupta, and 
Orthoceras primsBvum at Laterigg Cottage, Troutbeck. 

(iv) Bannisdale Slates, false-bedded and ripple-marked sandy 
flags, badly cleaved, with few fossils. 

Downtonian Series. Consists principally of coarse grey grits, 
with calcareous fossil bands: a calcareous band at the base 
with star-fish, correlated by Mr Aveline with the Aymestry 
Limestone, containing : — 

Ichthyocrinus McOoyanus Palaeaster hinido 

Taxocrinus Orbignyi Calymene tuberculosa 

Palasterina primsBva Proetus latifrons. 
Palseaster Ruthveni 

Above this, the beds are known as Kirkby Moor Flags: 
over 2000 feet thick, flaggy towards the higher portions, the 
uppermost beds removed by denudation, so that no information 
concerning the relationship of the Silurian System to that 
of the Old Red Sandstone can be here obtained. Fossils 
are very abundant, but the following are some of the more 
characteristic : — 

Spongarium interlineatum Pterygotus sp. 

Tetragonis Danbyi Lingula cornea 

Beyrichia Kloedeni Discina rugata 

Ceratiocaris inomatus Spirifera elevata 

C. solenoides Rhynchonella nucula 

Eurypterua Ortbis lunata. 



CAMBRIAN AND SILURIAN ROCKS. 61 

Chouetes lata Grammysia cingulata 

Avicula Danbyi Conularia Sowerbyi 

Pterinea retroflexa Murchisonia torquata 

P. demissa Oyclonema corallii 

P. subfalcata Holopea gregaria 

Modiolopsis planata Orthoceras Eendalense 

Orthonotus amygdalinus O. undulocinctum 

0. tnincatus O. ludense 

Ctenodouta anglica Lituites ibex. 

7. Teesdale. 

Cambrian System. 

Messrs Gunn and Olough describe rocks older than the 
Carboniferous as occurring in this area (Q. J. 0, S, xxxiv. p. 27). 

Middle Bala Series 1 Beds correlated with the Borrodale 
Series of the Lake District were found by these authors opposite 
Widdy-bank Farm, on the Yorkshire side of the Tees. 

Silurian System. 

May HiJJL Series ? Purple and greenish shales occurring at 
the Pencil Mill at Cronkley Scar are compared with the Pale 
Shales of the Lake District. 

8. Isle of Man. 

Cambrian System. The Rev. J. C. Ward has described the 
Skiddaw Slates of the Isle of Man. {Qeoh Mag. Dec. ll. vol. vii. 
p. 1). He was unable to trace any succession in them similar 
to that which he had previously made out in the Lake District, 
but found grit at Peel, and St Ann's Head. He could find no 
trace of equivalents of the Borrodale beds. Prof. Nicholson 
had previously recorded Palaeochorda as occurring in the 
Skiddaw Slates of this island, as well as on the mainland. The 
beds are in fact physically speaking an isolated part of the 
Cumbrian beds. 

9. Southerrc Scotland. 

The beds of this area have been so admirably worked by 
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Prof. Lapworth, that it is impossible to do more than quote 
from his works on the districts. In his paper on " The MoflFat 
Series " ( Q. J, O, S. xxxiv. p. 240), he separates the beds of 
Dumfriesshire into three great groups by means of their 
graptolites, and these gi^aptolite-bearing beds of South Scotland 
are still further separated into zones in his paper " On the 
Geological Distribution of the Rhabdophora " {Ann. and Mag, 
Nat, Hist Ser. 6, vol. III.). Finally in a paper read before the 
Geological Society on June 7, 1882, Prof. Lapworth described 
the Girvan succession of Ayrshire, and correlated the beds of 
that district, often containing remains other than those of 
graptolites, with the beds of other areas. 

Cambrian System. 

When describing the geology of Anglesea, it was seen that 
a mass of pre-Cambrian land stood out above the Cambrian sea 
during the deposition of the lowest Cambrian rocks of Llanberis 
&c., and the same thing must have occurred in Scotland, the 
lowest beds being of Lower Bala age, and of a conglomeratic 
character, deposited against the shores of an old pre-Cambrian 
land. These beds are described by Prof. Lapworth in the 
Girvan area as the Barr Series, and are subdivided by him. 

Lower Bala Series = Barr Series. 800 — 1000 feet thick. 

1. Kirkland Conglomerate, coarse iboulder-beds and sand- 
stones usually purple. 

2. Stinchar (or Craighead) Limestone. Compact lime- 
stones, nodular and calcareous flagstones and shales. 

Maclurea Logani Didymograptus 

Ophileta Clathrograptus. 

Orthis confinis 

3. Benan Conglomerate. Massive unfossiliferous boulder 
beds. 

4. Balclatchie Beds. Highly fossiliferous pebbly grits and 
nodular shales, with Lingula canadensis, Siphonotreta micula, 
Glossograptus, &c. 

In Dumfriesshire the Glenkiln or Lower Moffat shales are 
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Of this age. No ba^e is yet known. They consist of black 
graptolitic shales, with intermediate barren beds of varying 
texture. Amongst the fossils given by Prof. Lapworth are the 
following ; those marked with an asterisk being also recorded by 
him as occurring in the Barr Series : — 

Didymograptus superstes Diplograptus foliaceus 

Coenograptus gracilis *D. tricomis 

*Leptograptus flaccidus *D. dentatus 

Dicellograptus sextans *D. euglyphus 

*Dicranograptus formosus *D. angustifolius 

*D. ramosus *Climacograptus bicomis 

Clathrograptus cuneiformis *C. Scharenbergi 

*Glossograptus Hincksi C. perexcavatus. 

Lasiograptus Harknessi 

Middle Bala Series = Ardmillan Series of the Girvan 
district, 1800 — 2000 feet thick, divided by Prof. Lapworth into, 
stages. 

1. Ardwell group. Dark graptolitic flagstones and shales, 
with Dicranograptus, Leptograptus, Climacograptus, &c. 

2. Whitehouse group. Purple and green shales and 
mudstones, calcareous beds, with Dionide, Dindymene Cordai, 
iS^lina, Agnostus, Dicellograptus, Pleurograptus. 

3. Barren or Shallock Flagstones. Alternating grey or 
green flagstones and shales, generally unfossiliferous. 

4. Drummuck group. Soft grey mudstones, &c., with 
Trinucleus seticomis var. Bucklandi, Ampyx rostratus, Stauro- 
cephalus unicus, Dicellograptus, &c. 

In the Dumfriesshire area, the Ardmillan Series is repre- 
sented by the Hartfell Shales, about 100 feet thick, lithologically 
similar to the Glenkiln Shales, but with more numerous dark 
fossiliferous shales, which are grouped together in a single mass. 

The following is a list of some of the graptolites recorded by 
Prof. Lapworth, those marked with an asterisk occurring also in 
one or other of the divisions of the Ardmillan Series : — 

Pleurograptus linearis Amphigraptus divergens 

Leptograptus flaccidus 1). anceps 

*Dicellograptus moffatensis *D. Forchhammeri 
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*D. elegans 

D. caduceus 
^Dicranograptus ramosus 

D. Nicholsoni 

D. Clingani 
♦Idiograptus margaxitatus 

Retiolites fibratus 
*Climacograptus bicomis 



*C. tubuliferus 

*C. coelatus 

*C. Scharenbergi 

*Diplograptus foliaceus 

*D. tricornis 

*D. truncatus 

*D. quadrimucronatus 

*D. socialis. 



Newlands 
Series 
1000-1500 
feet. 



SiLUBiAN System. 

May Hill Series, Professor Lapworth gives four stages 
referable to this series in the Girvan district, viz. — 

1. MuUoch-Hill group, shelly sandstones, under- 
lain by a coarse boulder conglomerate, and abound- 
ing in brachiopods ; Meristella angustifrons, Atrypa 
hemisphserica, Nidulites favus, &c. 

2. Saugh-Hill group, alternations of coarse 
pebbly grit and zones of black and grey shales, 
with a coarse conglomerate at the base. Strick- 
landinia lens, Pentamerus oblongus, Favosites goth- 
landicus, Monograptus leptotheca, &c. 

3. Camregan group, yellow thick-bedded grits 
and dark shales; calcareous band; Pentamerus 
oblongus, Atrypa reticularis, Rastrites maximus, 
Monograptus Sedgwicki. 

4. Penhill group, purple mudstones, grey flags, 
and greywackes with Crossopodia, Protovirgularia, 
&c. 

This is perhaps the most important development of this 
series in the British islands, for it contains beds, shewing the 
deep-water conditions of what we may speak of as the Birkhill 
type and containing a Birkhill fauna, interstratified with others 
exhibiting the shallow-water conditions of what we may term 
the Llandovery type, and containing fossils characteristic of both 
the upper and lower stages of the South Welsh area, e.g. Nidu- 
lites favus, and Pentamerus oblongus and Stricklandinia lens. 
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We shall find one or other of these types prevalent in widely 
separated areas, but they axe seldom found alternating much 
with one another. Again in this area, these beds have at their 
summit, the representatives of the Taraimon shales, viz : — ^the 
PenhiU beds, with markings similar to those which occur in beds 
of the same age in Central Wales. 

Professor Lapworth has here proved indisputably that the 
so-called Lower and Upper Llandovery beds must be included in 
the same series, and his conclusions are borne out by Mr 
Davidson, who in the discussion which followed the reading of 
Prof. Lapworth's paper upon the Girvan area, stated that " he 
found 15 species (of brachiopods) in the lower division (of this 
series), 29 in the middle, and 34 in the upper. Of these, six are 
common to the three divisions, 14 to the middle and upper 
division, 10 passfrom the Caradoc into the Llandovery, and four 
species only seem to have passed upwards through the whole 
Girvan series, viz. — Orthis calligramma, O. elegantula, Stropho- 
mena rhomboidalis, and St. corrugatella. Thirty of the Llando- 
very species occur likewise in the Wenlock and Ludlow rocks. 
There is therefore a very marked difference between the species 
of Brachiopoda that characterise the Upper and Lower Silurian 
rocks of Great Britain." Although Mr Davidson here uses the 
Murchisonian nomenclature, he in reality adds another to the 
overwhelming number of arguments for adopting the classifica- 
tion of Prof Sedgwick. 

In the Dumfriesshire area, these beds are represented, the 
Newlands series by the Birkhili shales ; and the Penhill group 
by the Gala rocks of the Eastern districts. The Birkhili shales 
have a total thickness of 140 feet in the typical area. The 
black fossiliferous shales are soft and irregularly laminated, 
the unfossiliferous mudstones are thin greyish-green or deep 
purple flaggy beds. Prof. Lapworth divides them into two 
stages, each separable into a number of zones. List of some of 
the characteristic fossils : — 

Lower Stage. 

Diplograptus acuminatus D. folium 

D. vesiculosus D. tamariscus 
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Climacograptus normalis 
C. rectangularis 
Monograptus tenuis 
M. spiralis 
M. argutus 



M. cyphus 
M. lobiferus 
M. triangulatus 
M. leptotheca 
Bastrites peregrinus. 



Upper Stage, 



Diplograptus tamariscus 
D. sinuatus 
D. Hughesii 
D. palmeus 

Climacograptus normalis 
Retiolites perlatus 
Monograptus runcinatus 
M. Halli 



M. tenuis 
M. spiralis 
M. lobiferus 
M. Clingani 
M. Sedgwicki 
M. gregarius 
Rastrites peregrinus 
R fiigax. 



The Gala group, the equivalent of the Tarannon shales, 
consists of greywacke with thin beds containing graptolites, 
amongst which are : — 



Climacograptus normalis 
Diplograptus palmeus 
Betiolites Geinitzianus 
Eastrites maximus 
Monograptus Sedgwicki 
M. Becki 



M. Halli 

M. turriculatus 

M. priodon 

M. spiralis 

Cyrtograptus GraysB. 



In fact this group, like the Tarannon shales, contains a 
mixture of Birkhill foims, with those occurring in the succeeding 
zone of Cyrtograptus Murchisoni. 

Salopian Series, In the Girvan area the Penhill beds are 
succeeded by the Bargany group, pale flagstones, shales, and 
mudstones with Betiolites Geinitzianus, Cyrtograptus Grayse, 
&c., and these by the Sjbraiton group, grey flags, shales, and 
grits with Beyrichia Kloedeni, Cardiola, &c. the latter being 
correlated by Lapworth with Wenlock beds. 

The zone of Cyrtograptus Murchisoni does not seem to have 
been discovered in Scotland, but in the basin of the Solway, 
beds of Salopian age, termed by Prof. Lapworth the Biccarton 
beds have yielded: 
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Betiolites Geinitzianus M. riccartonensis 

Cyrtograptus Carruthersi M. vomerinus 

Monograptus priodon M. colonus. 

Downtonian Series, Beds of this age occur in Lanark, at 
Lesmahagow, and have yielded numerous fossils : — 

Dictyocaris Slimoni P. perornatus 

Ceratiocaris papilio Slimonia acuminata 

C. stygius Mytilus mimus 

Eurypterus lanceolatus ■ Platyschisma helicoides 
Pterygotus bilobatus Orthoceras Maclareni ? 

Mr Etheridge also records a graptolite fragment from the 
Lower Old Red Sandstone of Lanarkshire. 



10. Northern Scotland, 

Cambrian System. 

So many conflicting views prevail concerning the true 
succession of the rocks of the North of Scotland, that it is at 
present impossible to give a detailed description of the sequence. 
The similarity of the deposits with those of parts of Scandinavia 
is striking. In describing the beds of South Scotland it was 
seen that the oldest beds of the Girvan district were of Lower 
Bala age, resting against an old pre-Cambrian land. In Dale- 
carlia we shall ultimately see that the oldest beds are beds of red 
unfossiliferous false-bedded sandstones, succeeded unconformably 
by the conglomerates at the base of the Orthoceras Limestone 
of early Arenig or late Tremadoc age. These sandstones were 
probably accumulated in shallow seas or lakes at the period of 
greatest depression in Lower Cambrian times viz. — ^the Menevian 
period, and the pre-Cambrian land was again upraised in the 
succeeding period of the Lingula Flags. Is not the succession 
in Northern Scotland similar? The Torridon sandstone is litho- 
logically similar to that of Dalecarlia before spoken of, and the 
Durness Limestone seems to be intermediate in character 
between the Orthoceras Limestone of Sweden and the Craig- 
head Limestone of Girvan. A ridge of pre-Cambrian rock extends 

5—3 
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through Central Scotland, and the lowest Girvan beds were 
deposited against it on the south, and the Durness Limestone on 
the north. The Durness Limestone is probably therefore 
homotaxial with the Orthoceras Limestone of Sweden, but of 
somewhat later date. Even in Scandinavia itself, the Ortho- 
ceras Limestone of various areas is probably of somewhat 
different age, being in places underlain, in others overlain by 
Phyllograptus Shales. In fact this part of Europe (Northern 
Scotland and Scandinavia), was situated near the higher pre- 
Cambrian land, and was the last to become submerged in 
Cambrian times. The pre-Cambrian granites and gneisses would 
form gently sloping undulating grounds, with isolated masses 
standing as islands in the ocean. Such land lay over the present 
N. Scotch and Dalecarlian' areas in earliest Cambrian times, 
and underwent partial and temporary submergence probably in 
Menevian times, when the Torridon Sandstone and Dalecarlian 
Sandstone was deposited, and afterwards re-emerged. It again 
underwent depression, and the shallow-water Orthoceras Lime- 
stone with its associated conglomerate beds was deposited at 
somewhat different times in different places against the sinking 
land, consisting in some places of granitic and gneissic rocks, in 
others of later shallow-water sandstones. Amongst the fossils of 
the Dumess Limestone are : — 

Madurea Peachii 0. baculoides 

Ophileta compacta O. durinum 

Orthoceras mendax 0. pertinens. 

11. Ireland. 

The Cambrian and Silurian rocks of Ireland are in great 
part continuations of the rocks in the adjacent parts of Great 
Britain, merely separated by a strip of sea. The beds in 
many localities are still classified incorrectly, owing to the 
unfortunate correlation of graptolite-bearing shales of all ages 
with Llandeilo rocks. Thanks to the researches of Prof Lap- 
worth and Mr Swanston, an order of succession of these grapto- 
liferous beds is established in some of the areas. 
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Cambrian System. 

Harlech Series. Immediately opposite that part of North 
Wales which shows beds belonging to this series, they are also 
found in Ireland, and in lithological character these are very 
similar to the Welsh beds. 

At Bray Head, county Wicklow, they consist of purplish, 
red and green shales, slates, and grits. Their thickness has 
been calculated by Jukes and Du Noyer, who give it at between 
three and four thousand feet. Fossils : — 

Oldhamia antiqua Arenicolites didymus 

0. radiata A. sparsus 

Histioderma hibemica Haughtonia poecila. 

Similar beds occur in co. Dublin at Howth, and co. Wex- 
ford, near Cahore. 

The series immediately succeeding this have not been -identi- 
fied in Ireland. The next series containing beds which can be 
correlated with those in the typical area is the 

Lower Bala Series. Beds in County Down have jrielded to 
Mr Swanston all the forms recorded in the list of Glenkiln 
fossils before given. These and the succeeding beds of this 
area are. continuations of the graptoliferous beds of Dumfriesshire. 

Prof. Lapworth records beds of this age as occurring also in 
counties Wexford, Waterford, and Clare ; 

Didymograptus sp. (Hisingeri) Dicellograptus sextans 

Climacograptus bicomis 

occur in the three counties, and Dicranograptus ramosus in two 
of them. 

Middle Baia Series. The graptolitic shales of County Down 
have yielded many Hartfell species to Mr Swanston, among 
others : — 

Leptograptus flaccidus Eetiolites fibratus 

Dicellograptus caduceus Diplograptus truncatus 

D. moffatensis D. foliaceus 

Dicranograptus Cliugani D. quadrimucronatus 

Climacograptus bicomis D. tricomis. 
C. Scharenbergi 
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Shallow-water deposits of this age also occur in Ireland 
being continuations of the Coniston limestone of the Lake 
District. On Lambay Island, co. Dublin, the limestone is 
mentioned by Professors Harkness and Nicholson, as forming a 
synclinal, and on the main land the same authors mention that 
below the limestones are beds resembling the Borrodale series. 
The best known locality for the limestone is in co. Kildare, at 
the Chair of Kildare, where it has yielded numerous fossils 
including : — 



Phacops Brongniartii 
Cheirurus cancrurus 
Sphserexochus calvus 
Lichas bulbiceps 
L. hibemicus 
L. laxatus 

Cyphoniscus socialis 
Agnostus trinodus 



Rhynchonella Portlockiana 
Orthis biforata 
0. monilifera 
0. insularis 

Strophomena antiquata 
S. depressa 
Mytilus simillimis 
Cyclonema trimarginaJis. 



Another rich fossil locality is Desertcreight, co. Tyrone, 
which among other fossils has yielded : — 



Phacops Brongniartii 

P. (Chasmops) truncato-cau- 

. datus 

Encrinurus multisegmentatus 

Staurocephalus globi'ceps 

Lichas hibernicus 

Harpes Doranni 

H. Flannagani 

Calymene senaria 

Eemopleurides Colbii 

R. dorso-spinifer 

Asaphus gigas 

Illsenus Bowmanni 



Stygina latifrons 
Ampyx rostratus 
Trinucleus concentricus 
T. seticomis 
Orthis fallax 
O. porcata 

Strophomena corrugateUa 
S. rhomboidaUs 
Ambonychia transvei'sa 
Modiolopsis expansa 
Ctenodonta obliqua 
Trochonema trochiformis 
Patella Satumi. 



Silurian System. 

May Hill Series. The beds of County Down have yielded 
graptolites of well-known Birkhill type to Mr Swanston, e.g. — 

Climacograptus normalis Betiolites perlatus 
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Diplograptus folium M. leptotheca 

D. tamariscus M. Sedgwickii 

Cephalograptus cometa M. spiralis 

Monograptus tenuis M. triangulatus 

M. cyphus Rastrites peregrinus, &c. 

and from higher strata, which Prof. Lapworth considers to be 
probably equivalent to the Gala and Tarannon beds, there have 
been collected : — 

Monograptus galsensis M. spiralis 

M. priodon M. turriculatus, &c. 

M. proteus 

On Lambay Island, and on the mainland in co. Dublin at 
Portraine, the CoDiston Limestone stage is succeeded by coarse 
conglomerates, with bands of dark shales containing grapto- 
lites. 

At Kildare, on a hill called Dunmury, to the south-west of 
the Chain of Kildare, dark coloured rock appears, which Profs. 
Harkness and Nicholson compare with the Coniston mud- 
stones, also purple and green rocks compared with the Pale 
Slates. 

Salopian Series. In the Dingle promontory, the Ferriter's 
Cove beds consist of green sands and shales, with bands of red 
sandstone, about 2,500 feet thick. A list of fossils of Wenlock 
character, derived from these beds is given by Mr Salter in the 
explanation to sheet 160 of the Geological Survey, 

Downtonian Series, The Croaghmarhin beds succeed those 
last described, and consist of hard, brown calcareous grits about 
1,000 feet thick, and occasionally containing Pentamerus 
KnightiL These dip under the Dingle grits, the representatives 
of the Glengariff grits. "These consist of green and purple 
grits and shales, which pass up into beds of coarse thick sand- 
stones and grits of greenish and reddish tints" (Kinahan). 
They are estimated by Jukes and Du Noyer to have a thick- 
ness of 10,000 feet. No fossils have been found in them, and 
they are overlain '" unconformably by the Lower Carboniferous 
sandstones and conglomerates (Old Bed Sandstone of the Oeoh- 
gical Swrvey) of the central plain." 
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12. Occurrence of SH/urian Rocks beneath Secondary Oroup. 

At Ware in Hertfordshire, Wenlock rocks dipping at an 
angle of 40° to the S.E. were found at a depth of 795 feet from 
the surface. The rocks consisted of very fossiliferous calcareous 
shales, and Mr Etheridge among other fossils has determined 
the following : — 

Ischadites Koenigi Pentamerus galeatus 

Periechocrinus moniliformis P. linguifer 

Phacops caudatus Strophomena euglypha 

Meristella tumida Leptsena transversalis 

Cyrtia exporrecta Mytilus mytilimeris 

Spirifera elevata Euomphalus rugosus 

Rhynchonella cuneata Orthoceras angulatum. 
Atrypa reticularis 



§ IV. Description of the Cambrian and SUurian Rocks 

of the European Continent. 

1. Scandinavia, 

Since the work of classification performed by Angelin in this 
peninsula, the details of the various areas have been worked out 
by a host of observers of whom I may mention, Profs. Kjerulf, 
Johnstrup, and Lindstroem, Herr Tornquist, Herr Broegger,'Dr 
TuUberg, but chiefly by the late Dr G. Linnarsson. 

Cambrian System. 

In describing the various areas remote from Britain, it will 
be more convenient to give an account of the different series 
under the names by which they are known in the district, and 
afterwards to give an approximate correlation with the corre- 
sponding series of Britain. 

Eophyton a/nd Fuccid Sandstones, In Westrogothia Eophy- 
ton sandstone and Fucoid sandstone which succeeds it measure 
together 80 feet ; in Scania the collective thickness of the sand- 
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stones representing these is 900 feet (Lapworth G. M. 1881, p. 
263). They consist usually of yellow sandstones, bearing evident 
proofs of deposition in shallow water. Fossils of Eophyton 
sandstone are Eophyton Linneanum, Obolus? monilifer, Cru- 
ziana, &c. and of the Fucoid sandstone, Lingula ? favosa, and 
worm burrows. These sandstones rest unconformably upon 
pre-Cambrian rocks, and are succeeded conformably by other 
series. In Norway these rocks are represented by the unfossili- 
ferous Sparagmite formation of Kjerulf They are the equiva- 
lents of the Harlech beds of Britain. 

Paradoxides Schists. About 110 feet thick in Scania. 
They occur also in Westrogothia, and in Norway. Divided into 
zones by Tullberg (for which see Lapworth, loc cit.). The beds 
are bituminous black limestones, with interbedded black bitu- 
minous shales. Fossils : — 

Paradoxides Forchhammeri Selenopleura brachymetopa 

P. Davidis Arionellus difformis 

P. Tessini Agnostus rex 

P. (Olenellus) Kjerulfi Microdiscus 

Liostracus aculeatus Obolella sagittalis, &c. 
Conocoryphe Dalmanni 

They are correlated with the Menevian Series of Britain. 

Olenus Schists, Siqpiilar in lithological character to the pre- 
ceding beds, and have a thickness in Scania of about 65 feet. 
Occur also in Westrogothia and in Norway. Fossils : — 

Agnostus pisiformis Peltura scaraboeoides 

Olenus gibbosus Sphserophthalmus alatus 

0. truncatus Eurycare camuricome 

Parabolina spinulosa Orthis lenticularis, &c. 

Dictyonema schists belong to this group, and contain 
besides Dictyonema, Bryograptus Kjerulfi and Dichograptus 
tenellus. The beds with which the latter schists are correlated 
are included in the Tremadoc series of Britain, the main mass 
of the Olenus schists being the equivalent of the Lingula Flag 
series. 

Ceratopyge Limestone, This limestone occurs in Westro- 
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gothia, and also in Norway. In Dalecarlia its place is taken by 
the Obolus grits and conglomerates. It is a black bituminous 
limestone, similar to those occurring in the Olenus and Para- 
doxides schists. Fossils : 

Ceratopyge forficula Euloma Iseve 

Conophrys (Shumardia ?) pu- E. omatum 

silla Erinnys rugosa 

Amphion Mathesii Dikellocephalus dicrseura 

The limestone contains an intermixture of forms character- 
istic of so-called primordial and later beds, and it is stated by 
Tomquist that no break occurs at the base. It is correlated 
with the Tremadoc series of Britain^. 

Phyllograptus Schists. Orthoceras Limestone, Phyllograptus- 
bearing shales occur between the Ceratopyge and Orthoceras 
limestones, as in Westrogothia, and in South Norway. They 
are greenish or blackish shales only a few feet in thickness, with 
Phyllograptus, Tetragraptus, Dichograptus, Didymograptus, &c. 

The Orthoceras limestone occurs in most parts of Sweden, 
where Cambrian rocks are found, as also near Christiania, but it 
differs in thickness in various places, and is probably of slightly 
different age. For instance in Dalecarlia no Phyllograptus 
schists underlie it, but Phyllograptus is found in beds interca- 
lated between the limestone. In Westrogothia, &c. as before 
mentioned it rests upon Phyllograptus schists, whilst at Fogel- 

* Since writing this, I have received the description of Stages 2 and 3 of the 
Norwegian Books by Prof. W. C. Broegger, and he states (p. 10) that there is no 
sharp boundary either palsBontological or petrologioal between the * primordial * 
and succeeding beds. He classifies the Olenus, Ceratopyge and Orthoceras beds 
as follows: — 

Stage 2. Olenus Schists. 
8. Asaphus stage. 

8 a. a. Shale and limestone with Symphysums incipiens. 
8 a. /3. Ceratopyge shale. 
8 a. 7. Ceratopyge limestone. 
3 h, Phyllograptus shale. 
8 c. a. Megalaspis limestone. 
3 c. /3. Expansus shale. 
3 c. 7. Orthoceras limestone. 
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song in Scania, the limestone which is thin, is succeeded by 
shales with Phyllograptus. It has been by several authors cor- 
related with the Arenig beds of Britain, and its resemblance to 
the Durness limestone has already been remarked. Fossils : — 

Tetragraptus serra Ampyx nasutus 

T. quadribrachiatus Orthis callactis 

Didymograptus affinis ? O. calligramma 

D. minutus SuTbulites nitens 

Phyllograptus densus Pleurotomaria elliptica 

Phacops conicophthalma Cyrtoceras comu-venatorium 

Niobe frontalis Discoceras convolvens 

Megalaspis limbata Lituites lituus 

Nileus armadillo Bathmoceras Linnarssoni 

Amphion Fischeri Orthoceras commune 

Cheirurus exsul 0. duplex 

lUaenus crassicauda O. vaginatum 

Asaphus expansus 0. undulato-zonatum 

Ptychopyge lata 0. conicum, &a 

Lichas celorrhin 

Middle Oraptolite Schists, Above the Orthoceras limestone 
of Scania occur several graptolitic zones, described by Dr 
Linnarsson. 

a. Zone of Phyllograptus typus, contains also Didymograp- 
tus, Climacograptus Scharenbergi, &c. It is probable that this 
zone is represented by the uppermost portion of the Orthoceras 
limestone in other places; whether it is to be referred to the 
Arenig is at present doubtful. 

b. Zone of Didymograptus geminus; contains also Diplo- 
graptus foliaceus, and almost certainly represents the Llanvirn 
series of Britain. 

c. Zone with Glossograptus Hincksii, &c. 

d. Zone with Diplograptus mucronatus? Prof. Lapworth 
considers to be older than the Glenkiln shales, and he would 
correlate only the next zone : — 

e. Zone with Climacograptus Scharenbergi with these 
shales. 
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Zones c, d and e are probably all referable to the Lower 
Bala series. 

/ Zone with Dicranograptus Clingani. 

g. Zone of Orthis argentea. 

Undoubtedly equivalent to the Lower part of the Hartfell 
series and are of Middle Bala age. 

In other parts of Scandinavia these graptoUte shales are 
replaced mostly by limestones, but as these limestones are 
usually on somewhat different horizons in different areas, it will 
hardly be worth while to give a detailed account of each. The 
Cystidean limestone of Dalecarlia seems to be on a somewhat 
lower horizon than the Beyrichia limestone of Westrogothia, 
and this again than the Chasmops limestone of Christiania. 

Trinucleus shales. Found in Dalecarlia, Westrogothia, Os- 
trogothia, Bomholm, &c. Black and greenish-grey shales, suc- 
ceeded by red shales. They are 'the equivalents of the upper 
portion of the Hartfell shales of Scotland, and of the mfddle 
Bala of Wales. Fossils : — 

Diplograptus pristis Trinucleus seticomis 

Dicellograptus anceps Leptsena quinquecostata 

D. elegans Strophomena arachnoidea 

Agnostus trinodus Orthis argentea 

Telephus Wegelini 0. nodulosa 

Bemopleurides radians Obolella ? nitens 

Ampyx tetragonus Nucula sp., &c. 
Cybele verrucosa 

Brdchiopod Schists (lower part). These beds are found 
in Westrogothia and Scania, where they consist of two divisions, 
a lower greenish argillaceous limestone, the zone of Stauroceph- 
alus clavi&ons, containing also : 

SphflBrocoryphe Phillipsia parabola 

Trinucleus Wahlenbergi Calymene Blumenbachii 

Proetus brevifrons Agnostus trinodus 

Ampyx tetragonus Holopea concinna, &c. 

and an upper stage of blue flaggy shales with : — 
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Turrilepas Cybele 

Beyrichia Orthis testudinaxia 

Trinucleus Wahlenbergi Holopea concinna, &c. 
Fhacops eucentra 

These divisions exactly correspond both in lithological.and 
palseontological characters with the Ashgill Shales of the Lake 
District. In Ostrogothia only the lower division is present, 
whilst in Dalecarlia the lowest Silurian rocks rest upon the 
Trinucleus shales, and in Norway in the neighbourhood of 
Christiania upon the Chasmops limestone. 

Silurian System. 

Brachiopod Schists (upper part). Bastrites Schists. In 
Westrogothia the blue shale division of the lower Brachiopod 
schists is succeeded by calcareous sandstones and limestones 
with numerous fossils, e.g.: — 

Ptychophyllum Linnarssoni Rhynchonella canaliculata 

Plasmoposa conferta Meristella crassa 

Favosites Forbesi Goniophora carpomorpha 

Acidaspis granulata Climacograptus normalis, &c. 
Phacops mucronata 

These pass up into the Bastrites schists, containing true 
Birkhill graptolites. 

In the neighbourhood of Christiania, these beds are repre- 
sented by coarse calcareous conglomerates with corals, &c., and 
in Dalecarlia and Scania by thin limestone bands. I have in 
a paper read before the Geological Society in April 1882, given 
reasons for supposing that this series rests unconformably upon 
the beds of the Cainbrian System. The Bastrites schists (Lobi- 
ferus Schists of Tomquist) are found in Scania, Dalecarlia, 
Ostrogothia, as well as in Westrogothia ; they have been divided 
into zones by TuUberg, as follows : — 

1. Zone with Diplograptus n. sp. and Climacograptus 
scalaris. This he places at the top of the Cambrian System, 
but I believe it should rather be in the Silurian. The lowest 
zone of the Birkhill shales in Britain does not contain Mono- 
graptus. 
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2. Zone with Monograptus cyphus : contains also CUmaco- 
graptus scalaris, Dimorphograptus sp. 

3. Zone with M. gregarius : also has M. triangulatus, M. 
fimbriatus, Bastrites peregiinus, &c. 

4. Zone with M; convolutus : also M. lobiferus, Bastrites 
peregrinus^ Cephalograptus folium. 

5. Zone with Cephalograptus cometa : also M. Sedgwickii, 
M. Clingani, Diplograptus Hughesii, &c. 

In Norway these beds are represented by shallow-water 
deposits, the conglomerates before mentioned, being succeeded 
by olive-grey shales (stage b^ of Kjerulf ) with :— 

Nidulites favus P. elegans 

Climacograptus normalis Pentamerus linguifer 

Omphyma turbinata Stricklandinia lens, &c. 
Phacops mucronata 

this in turn is overlain by limestones crowded with Pentamerus 
oblongus. 

The Tarannon shales of Britain are represented in Sweden 
by passage beds between the Bastrites schists and the Betiolites 
schists, found in Scania, and also in Dalecarlia, as at Kallhohn. 
In Scania, two zones are described by Dr TuUberg : — 

1. Zone of Bastrites maximus : contains also M. crispus and 
M. turriculatus. 

2. Zone of M. runcinatus : also has Bastrites Linnsei, Mono- 
graptus turriculatus, M. priodon, M. rhynchophorus, M. jaculum, 
and Diplograptus palmeus. 

All the Silurian beds hitherto described belong to the May 
Hill Series. 

Cyrtograptua Schists (Betiolites schists of Tomquist). Di- 
vided into zones by Tullberg from a study of the Scanian 
deposits : — 

1. Zone of Cyrtograptus Grayae : contains also Monograptus 
priodon, M. cultellus, M. nodifer, Betiolites Geinitzianus, &c 

2. Zone of C. ? spiralis : also M. priodon, M. Hisingeri, M. 
nodifer, Betiolites Geinitzianus. 

3. Zone of C. Lapworthi : also 0. pulchellus, M. priodon, 
M. Linnarssoni, Betiolites Geinitzianus. 
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4. Zone of Monograptus riccartonensis : also Monograptus 
vomerinus, M. priodon. 

5. Zone of Cyrtograptus Murchisoni : also M. priodon, M. 
vomerinus, Retiolites Geinitzianus, &c. 

6. Zone of C. rigidus : also Monograptus vomerinus, &c. 

7. Zone of C. Carruthersi: also C. Lundgreni, Monograptus 
testis, M. vomerinus and Cardiola sp. (fibrosa?). 

These beds belong to the Salopian series, and are partly 
represented by the Riccarton beds of Scotland, but contain 
lower zones than are there found. Beds of the same age occur 
in Westrogothia, the neighbourhood of Christiania, and in Dale- 
carlia. In the latter area the Bohemian genus Arethusina has 
been discovered by Tomquist. 

The lower portions of the Gothland limestone seem to be 
the equivalents of these beds, as Monograptus priodon and Retio- 
lites Geinitzianus are found therein. 

Cardiola Schists. These beds, consisting of limestones and 
interstratified shales, occur in Scania, over 3000 feet in thickness. 
Fossils : — 

Monograptus colonus M. NUssoni 

M. bohemicus M. uncinatus 

M. dubius Cardiola interrupta 

M. scanicus Orthocerata, &c. 

They also belong to the Salopian series, and there is no 
doubt about their correlation with the Coldwell beds of the 
Lake District, for like those beds thay succeed immediately the 
Cyrtograptus schists (Brathay Flags), and they have the same 
group of fossils. 

The limestones of Gothland, exactly resembling the Wenlock 
limestone, seem also to be partly contemporaneous with these 
shales, they were however deposited in shallower water than the 
Cardiola Shales. 

In Dalecarlia, the remarkable Leptsena limestone seems to 
be on this horizon, as it appears from reasons I have given {On 
the Cambrian and Silurian Rocks of Scandinavia), to succeed 
immediately to the Cyrtograptus Schists. Its fauna however 
is most curious ; the following are some of the fossils : — 
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FaTosites fibrosos 
Syringophylliiin organum 
Calapcpcia ampliigenia 
PtychophjUnm cndgense 
Cjrathophjlltim mitratom 
Halysites escharoides 
H. catenulaiiiis 
Flasmopora confeita 
P. affinis 
Heliolites dubius 
Stylaiaea Roemeii 
Bemoplemides sp. 
Cjrbele breTicauda 
Brontens latdcauda 
niasnas Yolborthi 
licbas dalecarlicus 
SphsBrocoiyphe grannlata 
Sphaerexochus angustifrons 
Cheirurus speciosus 
Flatymetopus planifrons 
Isocolus Sjoegreni 
Encrmurus multisegmentatus 
Proetiis brevifrons 
Deiphon levis 



Haipes Wegelini 
Leplaeoa Schmidti 
Strophomena hma 
S. coimgatella 
Oithis bifc^ata 
O. concinna 
Gamerella angolosa 
AtiTpa altijugata 
A. im1»icata 

Athjris? Portlockiaiia 
Hezistella crassa 
Ambonydiia coimgata 
Platyostoma barpa 

Eunenia ^^rinalaiin 

K dalecarlicnm 
Subulites elongatus ? 
Cydonema angulosam 
Enomphalus obtusanguli 
Cyrtoceras longitadinale 
Qrthoceras turris 
O. Wegelini 
O. leptaenanim 
O. funiforme 



I have giyen the above somewhat lengthy list because the 
palaeontological and stratigraphical evidence seems contradictory. 
According to the above fossils, the Leptaena limestone shews 
affinity with the May Hill Series, but all the stratigraphical 
evidence goes towards shewing that the Leptaena limestone 
succeeds the Cyrtograptus schists. 

BjersjoBlagord Limestone. This limestone with its asso- 
ciated shales, Dr. Tullberg correlates with the Aymestry Lime- 
stone, but I think it is the equivalent of part of the Salopian 
Series. Some of the fossils are :— 



Labechea conferta 
Coenites intertextus 
Favosites Forbesi 



Cyathophyllum dianthus 
Homalonotus rhinotropis 
Calymene Blumenbachii 
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Phacops Downingiae . Orthis hybrida 

Cytheropfsis concinna Grammysia cingulata 

Atrypa reticularis Platyceras comutum 

Rhynchonella borealis Igoceras enorme. 
R. nucula 

About 400 feet thick. 

Kaerrstorp Sandstone, with : — 

Ohonetes striatella Grammysia cingulata 

Spirifera elevata G. rotundata. 

Atrypa reticularis 

About 800 feet thick. Probably the equivalent of the lower 
part of the Downtonian series. 

(Eved Sandstone, Bed sandstone of (Eved, Ramsosa, &c. 
Over 600 feet thick, and contains : — 

Beyrichia Buchiana Lingula minima 

B. Kloedeni Grammysia cingulata var. tri- 

Leperditia Angelini angulata 

Encrinurus punctatus Goniophora cymbseformis ? 

Tentaculites tenuis Modiolopsis platyphylla 

Atrjrpa reticularis Anodontopsis cf. angustifrons 

Strophomena omatella Ddabra cf obtusa, &c. 

Chonetes striatella 

This is certainly to be correlated with the Downtonian series 
of Britain. 

It is to be noticed that both in Britain and Scandinavia the 
Downtonian series as defined by Prof Lapworth consists mainly 
of sandstones, — ^the Salopian series mainly of shales with lime- 
stones. 

2. The Baltic Provinces. 

The Cambrian and Silurian strata of the Baltic Provinces 
of Russia have been compared by Dr Schmidt with those of 
Scandinavia and Britain in a paper recently read before the 
Geological Society (June 21, 1882), and an account of the 
beds appears in Schmidt's Revision der Ostbaltischen Silurischen 
Trilohiten. • 

6 
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Cambrian System. 
8tage A. 

Blvs Clay. The oldest rock, containing Laminarites anti- 
quissimus and Chondrites antiquus. 

UnguUte Grit About 60 feet thick, with Obolus ApoUinis. 

Dictyonema Schists, About 25 feet thick with Dictyonema 
fiabelliforme. 

Stage A. probably represents the Lingula flag scries. 

Stage B. 

Qlauconite Sandstone, B. 1. A few feet thick, with Lingulella 
cf. Davisii, Obolus Siluricus and Siphonotreta. Correlated with 
the Ceratopyge limestone, and is therefore the equivalent of the 
Tremadoc slate series. 

Qlauconite Limestone. Attains a thickness of about 32 feet. 
In it occur : — 

Megalaspis planilimbata O. parva 

M. limbata Orthisina plana 

Orthis calligramma (callactis) Orthoceras commune, &c. 

It corresponds with the Phyllograptus shales of Sweden, and 
with the Arenig of Britain. 

Va^imitus Limestone, B. 3. This is paralleled with the Ortho- 
ceras limestone of Sweden^ It contains : — 
Amphion Fischen Cheirurus clavifrons 

Asaphus expansus Ehynchonella nucella 

Ptychopyge angustifrons Orthisina concava 

Megalaspis Heros Maclurea helix 

Lichas celorhin Orthoceras commune, &c. 

It is probably in part newer than the Orthoceras limestone 
of Sweden and of Arenig-Llanvim age. 

Stage C. 

Echinosphcerites Limestone, C. 1. Attains a thickness of 
32 feet. Fossils :— 

Echinosphsrites aurantium Cheirurus exsul 

Glyptosphaerites Leuchten- Asaphus Weissii 

bergi Porambonites sequirostris 

lUaenus Schmidti Orthisina adscendens, &c. 



CAMBRIAN AND SILURIAN ROCKS. 83 

Kuckers Schist, C. 2. Fossils :— 

jflyptocystites penniger Porambonites teretior 

Phacops (Chasmops) Odini Leptaena sericea var. 

"Z!ybele rex Strophomena imbrex var. 
nisenus limbatus angustior 

Asaphus acuminatus, Nieszk Orthis lynx 

• Beyrichia complicata O. calligramma var. 

B. strangulata Maclurea 

•"Siphonotreta unguiculata Orthoceras vertebrale, &c. 

Itfer Schist, 0. 3. Hard grey limestone, with argillaceous 
. layers. Fossils : — 

- EchinosphsBrites aurantium Porambonites teretior 

Chasmops Odini var. Itferensis Orthisina Schmidti, &c. 

Stage D. 

Jewe Schist. Limestones, concretionary, sometimes dolomi- 
tic, with intervening shaly beds. Fossils : — 

The lower division, D. 1, has : — 
■ Hemicosmites extraneus O. Schmidti 

Phacops (Chasmops) bucculenta O. lynx 
Cheirurus pseudohemicranium Porambonites ventricosa 
Orthis rustica Orthoceras vertebrale, &c. 

In the upper division, D. 2, are : — 
Phacops (Chasmops) maxima O. testudinaria 
P. bucculenta Strophomena rugosa 

Cybele KutorgsB Porambonites ventricosa, &c. 

Orthis lynx 

Stage E. 

Wesenberg Schist, Yellowish or bluish limestones, with 
dark argillaceous layers, compose this stage. Fossils : — . 
Streptelasma sp. Orthisina Vemeuilii var. We- 

Monticulipora Wesenbergiana senbergensis 

Phacops (Chasmops) Wesen- Orthis lynx 

bergensis O. testudinaria 

Cybele brevicauda Leptaena sericea 

Encrinurus Seebachi Tentaculites anglicus 

Porambonites gigas var. Orthoceras seps 

Gomphoceras conulus, &c. 

6—2 
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Dr Schmidt considers this stage to represent the Middle 
Bala of Britain and the Trenton of North America. 

Stage F. 

Lychhohn Schist, F. 1. This division consists of thick, 
white, siliceous limestone, and a grey argillaceous limestone, 
the whole being about 50 feet thick. Fossils : — 



Tetragonis Murchisoni 
Halysites labyrinthica var. 
Streptelasma europaeum 
Syringophyllum organum 
Phacops (Chasmops) Eichwaldi 
SphsBrexochus angustifrons 
Cybele brevicauda 
Encrinurus multi-segmentatus 
Calymene senaria 
Harpes Wegelini 
lachas Dalecarlica 
Bronteus laticauda 



lingula quadrata 
Dinobolus Schmidti 
Porambonites gigas 
Orthis lynx 
O. actoniaB 
O. porcata 
O. insularis 
Leptaena Schmidti 
Subulites gigas 
Maclurea neritoides 
Bellerophon bilobatns 
Lituites antiquissimus, &c. 



I think that this also is to be correlated with the Middle 
Bala beds of Britain. It will be noticed that several species 
have been recorded as occurring in the Leptaena limestone of 
Dalecarlia, to which a very diflferent age is assigned by Tomquist. 
Borkholm Schist, F. 2. Consists of white limestone and dark 
argillaceous beds. 



Oatenipora labyrinthica var. 

parallela 
Plasmopora confecta 
Cbeirurus (Pseudosphaerexo- 

chus) conformis 
SphaBrocoryphe sp. 
Encrinurus sp. 
lachas margaritifera 
Proetus ramisulcatus 
lUaenus Roemeri 
Primitia brachynota 



Beyrichia sp. 
Stricklandinia sp. 
Atrypa imbricata 
Strophomena ^pansa 
S. luna 

Lept^na Schmidti 
Orthis lynx 

Murchisonia Nieszkowskii 
Trochonema cf. umbilicata 
Triblydium cf. unguis 
Orthoceras fenestratum, &c. 



This group contains a fauna strongly resembling that of the 
calcareous beds at the base of the Brachiopod Schists of Sweden, 
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and it ooctirs about the position of that stage, viz : — above the 
uppermost representatives of the Middle Bala series. If this be 
the case, we have in Bussia no equivalents of the Phacops 
eucentra shales. It is to be noticed that this group contains 
fossils which occur also in the Leptasna Limestone of Dalecarlia. 

Silurian System. 
Stage Q. 

Joerden Schist, G. 1. This bed is only about 25 feet in 
thickness. It contains amongst other fossils : — 
Heliolites interstincta Leperditia Schmidti 

Halysites agglomerate Atrypa imbricata 

Calamopora aspersa Dinobolus Davidsoni 

Calymene Blumenbachii Orthis Davidsoni 

Encrinurus punctatus 0. Bouchardi 

Bumastus Barriensis Triblydium. 

Borealis Limestone, G. 2. A " Muschelkalk,'* crowded with 
Pentamerus borealis, about 25 feet in thickness. 

Raikull Schist, G. 3. Not very rich in fossils. It con- 
tains: — 

Yincularia megastoma Phacops elegans 

Diplograptus estonus Leperditia Keyserlingi 

The whole of Stage G. must be correlated with the May 
Hill Series of Britain. 

Stiige H. 

Limestone with Pmtam^erus estonus. This stage contains 
also: — 

Syringopora bifurcata Leperditia Schmidti 

Halysites distans Strophomena euglypha 

Darwinia speciosa Atrypa reticularis 

Bronteus signatus Orthoceras canaliculatum, &c 

Bumastus Barriensis 

This may be the equivalent of the uppermost May Hill 

beds. 

Stage I. 

Lower (Esel Beds, Composed of dolomites and marls about 
20 feet in thickness. Fossils : — 
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Oalamopora gothlandica Bhynchonella Wilsoni 

Cateoipora distans Atrypa reticularis 

Ptychophyllum patellatum Strophomena euglypha 

Calymene Blumenbachii Comulites yagans 

Encrinurus punctatus Tentaculites omatus 

Proetus concinnus Euomphalus sculptus 

Cyphaspis elegantulus E. funatus 

Bumastus Barriensis Turbo striatus 

Beyrichia Kloedeni Orthoceras anuulatum, &c. 
Spirifera crispa 

Dr Schmidt parallels this rock with the Wenlock Limestone 
of England, and the Niagara Limestone of N. America. 

Stage K. 

Upper (Esel Beds. Grey and yellow sandstones. The fol- 
foUowing fossils, which are recorded among others, are distinctly 
Downtonian : — 

Proetus latifrons Bhynchonella nucula 

Eurypterus Fischeri Spirifera elevata 

Hemiaspis rugosus Pterinea retrofiexa 

Platyschisma helicites Murchisonia cingulata 

Chonetes striatella Orthoceras Schmidti. 
Betzia Salteri 

It will be noticed, in looking over the preceding fossil lists, 
that several genera and species make their appearance in the beds 
of the Baltic provinces, at an earlier horizon than that which 
characterises their first appearance in Britain ; this is probably 
due to the former area being near the Old pre-Cambrian main- 
land, a fact borne out by the shallow-water character of the beds. 

The Silurian beds are described by Dr Schmidt as being 
unconformably overlain by the Devonian System. 

3. France and Belgium. 

We have already seen that in Scotland a ridge of pre-Cam- 
brian rock existed as a higher elevation of the great pre-Cam- 
brian floor upon which the Cambrian rocks were deposited. 
Such ridges probably existed in several parts of Europe; the 
ridge in Scotland is supposed by Prof. Hlill to be traceable into 
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Scandinavia, and it may be the same ridge against which the 
oldest rocks of Dalecarlia were deposited, and which prevented 
the accumulation of any so-called ^primordial' rocks. These 
ridges would naturally become land again and again during 
periods of elevation, and those periods of elevation are marked 
by the presence of grit beds in areas where deposition was 
going on. In Britain we have two such grit formations, viz : — 
the Lingula Flags, and the Qarth Grit. As will be pointed out 
later, a pre-Gambrian ridge in Bohemia was elevated during the 
period of deposition of the Lingula Flags; in the case of France, 
where the general floor was higher, there was elevation above 
the sea during the deposition of all the primordial rocks, and 
depression took place in this area, about the period of the 
depression which allowed of the accumulation of deposits above 
the Garth Grit, viz : — towards the close of the Arenig period. 
To this time therefore belong the oldest of the deposits in the 
French area. 

The direction of these ridges was probably North East and 
South West, corresponding with the strike of the latest pre- 
Oambrian (Pebidian) rocks. 

The oldest rocks are found in Brittany, where near St 
Leonhard des Bois, MM. Triger and de Yerneuil describe beds 
of quartzose sandstone with Bilobites and Lingular. Murchison 
states that these rocks contain the same fossils as the quartzose 
rocks of the Stiper-stones, and they are probably of Arenig age 
for they are succeeded by rocks having an undoubted Llanvirn 
fauna ; these are 

The Angers Slates, These consist of black glossy slates, the 
bedding and cleavage coinciding at Angers, and they have 
yielded the following fossils among others : — 
Oalymene Tristani Phacops socialis 

C. Arago Placoparia Toumemini 

Asaphus Guettardi Cheirurus claviger 

Ogygia Desmaresti Trinucleus Pongerardi 

Ulaenus giganteus Bellerophon bilobatua 

Acidaspis Buchii 

I can find no record of any true Cambrian rocks above 
these Angers slates in Brittany. 
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M« Delage gives a similar succession of Cambrian rocks 
in the department of ZUe-et-Vilaine, where sandstone with 
Bilobites is succeeded by Schiste Ardoiser, the equivalent of 
Angers slate. 

In Brittany the Silurian system is represented near Angers. 
M. Hermite records 

Monograptus Becki D. pristis 

M. Sedgwicki ? Rastrites peregrinus 

Diplograptus folium 

as occurring in black shales, the representatives of the Yalentian 

series. At Meignanne^ near Angers, the same author records 

Silurian beds in isolated patches, viz: — slates and limestones 

with 

Monograptus colonus Orthoceras cf. Bohemicum 

Cardiola interrupta O. cf. dulce, 

C. cf. tenuistriata 

These beds represent a high stage in the Salopian series. 

A zone intermediate between this and the one with Eastrites 
is recorded by Tromelin and Lebesconte, viz : — shale with 
Ampelite-nodules containing : — 

Monograptus bohemicus M. priodon 

M. Becki Betiolites Qeinitzianus. 

This is from Maine and Loire. 

We do not therefore get any satisfactory evidence of the 
relations of the Cambrian and Silurian rocks of France, the 
Bala series being apparently not represented by any fossiliferous 
equivalents. 

In Belgium, Cambrian rocks are described by M. Malaise as 
occurring in three massifs, viz: — in Brabant, TEntre-Sambre- 
et-Meuse, and near Dour in Hainaut. He gives the following 
subdivisions in ascending order : — 

1. Assize de Blaumont. 

2. „ de Tubize. 

3. „ d'Orsquercq. 

4. „ de Gembloux. 

Only the latter is fossiliferous and clearly represents the 
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Middle Bala series of Britain; it oontaiiis among other fos* 

sils: — 

Phacops conophthalmus Orthis testudinaria 

Calymene incerta O. vespertilio 

Lichas laxatus O. calligramma 

Trinucleus seticomis O. Actoniae 

Ampyx nudus O. biforata 

lUaenus Bowmanni Trochoceras comu-arietis. 

Cybele verrucosa 

4. Spain and Portugal. 
Cambrian System. 

1, Bed Limestone of Leon (Spain), contains Paradoxides 
and Conocoryphe^ and is the equivaleDt of the Menevian Series. 

The principal fossils of this red limestone series are :-^ 

Paradoxides pradoanus C. Sulzeri 

Arionellus ceticephalus C. Bibeiro 

Conocoryphe coronatus Agnostus, 

Other representatives of this series also occur in Spain, as 
in the Montes de Toledo, and near Daroca. 

In the Sierra Morena, MonteS de Toledo, and Sierras of 
Aragon, higher Cambrian beds occur, 

2. Quartzose sandstones, shales, and black limestones, the 
shales containing fossils similar to those of the Angers slate, 
and are therefore of Llanvim age, though some of the sand- 
stones may be older. In Spain the following fossils occur in 
these beds : — 

Calymene Tristani Trinucleus Goldfussi 

C. Arago Placopaxia Toumemini 

Asaphus nobilis Bedonia Deshayesiana 

Phacops socialis Bellerophon bilobatus, &c, 
P. Dujardini 

In Portugal, the beds of the Lower Division of Senor Bibeiro 
in the neighbourhood of Busaco are also of this age. They 
consist of quartzites, micaceous sandstones, and black shales and 
limestones with : — 
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Calymene Tristani Phacops proaevus 

C. Arago Trinucleus Pongerardi 

Placoparia Zippei Redonia Deshayesiana 

IlldBnus giganteus Eibeiria pholadiformis, &c. 

In the same locality these beds are succeeded by the Middle 
Division of Ribeiro, ochreous argillaceous rocks with : — 
Favosites fibrosa O. Berthoisi 

Phacops Dujardini Porambonites Ribeiro 

Orthis testudinaria Leptasna deltoidea, &c. 

Silurian System. 

1. MM. De Vemeuil and Barrande record 
Monograptus spiraUs M. priodon 
M. Halli M. palmeus 

from the strata of the Sierra Morena. This intermixture of 
Yalentian and Salopian forms occurs in the Tarannon shales of 
other localities. 

2. These Valentian beds are not the only representatives 
of the Silurian system in Spain, for black shales with calcareous 
nodules occur in the Sierra Morena and other localities containing 
graptolites along with : — 

Cardiola interrupta 

Orthoceras Bohemicum 

O. styloideum, 
an undoubted Salopian fauna. 

In Portugal also, Ribeiro's Upper Division consists of light 
blue shales, and argillaceous schist with graptolites, Cardiola 
interrupta, and Orthocerata. 

The Cambrian and Silurian rocks both of France and the 
Iberian peninsula do not give us an uninterrupted succession, 
so that we cannot with our present knowledge tell whether or 
not the Silurian System reposes conformably or unconformably 
upon the beds of the Cambrian System, the apparent absence 
of Bala rocks in France seems to point rather to the latter. 

6. Bavaria* 

The beds of Hof in Bavaria are of importance, as we here 
get, as pointed out by BaiTande, an admixture of the so-called 
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Primordial and second faunas. The following section of this 
area is given by Murchison, (Q. J. O. S. vol. xix. p. 354) : — 

a. Chlorite, and hornblende slate. 

b. Grey, red, and yellow clay slate, micaceous and talcose, 
above 950 feet 

c. Crystalline black limestone, 180 feet. 

d. Blackish grey laminated clay slate and lydite, 450 
feet. 

Judging from the similarity of the description of these beds 
with that of the highest pre-Cambrian system of Bohemia, these 
beds are also to be referred to the pre-Cambrian rocks. They 
are succeeded by : — 

e. Primordial zone, 60 feet. 

/. Siliceous slate and lydite full of graptolites, 270 feet. 

g. Greyish white clay-slate, uppermost being Nereites 
and Pentamerus beds, more than 1000 feet. 

h. Cypridina Limestone, 250 feet. 

i. Diabase tuff and breccia. 
h and i are Devonian. 

The series e is the one which contains the mixture of 
'primordial' and 'second' forms, e.g. M. Barrande states that 
the 'primordial' Olenus and Conocoryphe occur along with the 
' second ' Calymene and Cheirurus. Besides these Theca, and a 
Cystidean are found. This admixture is characteristic of the 
Tremadoc series, with the exception of Calymene, which how- 
ever is very near the Swedish Euloma. Is it not possible that 
Euloma is the genus in the Hof beds? This admixture of 
faunas at Hof is brought forward in support of the theory of 
colonies, but it seems rather to tell against it ; for if an admix- 
ture of primordial and second forms occurs in an abnormal 
manner, why do not the colonies contain an admixture of second 
and third forms, instead of (with the exception of that named 
Zippe) only a group of forms of the third fauna in beds occurring 
in the middle of the second fauna. As a matter of fact, however, 
there is nothing abnormal in this Hof fauna, it is simply a passage 
from one set of beds to another, which we have already seen to 
be the normal condition of things elsewhere, viz: — in the 
Tremadoc slates of Britain, and in the Ceratopyge Limestone 
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of SeancHimvia, at ihis horixon. This admixture in fact do^ 
nothing more than prove the non-existence of the break which 
is supposed bjr many to exist between a primordial and a second 
fiuina. At Hof as elsewhere these sapposed separate ^Etonas are 
found indissolubly knit into one. 

6. ^cllemicL 

I have already referred to the elevation of the Bohemian 
area during a period when shallow water deposits were being 
formed in Britain, viz. those of the lingula Hag series. It is 
only i^ter this period that there was continuous deposition all 
over the Bohemian area, previous to that the beds were only 
laid down over a small portion of the area, viz. to the north 
and south of the town of Seroun, which is situated in the 
centre of the basin. 

Cambbiak Ststem. 

The following description gives only a few of the fossils 
described by Barrande from his different stages. 

Stage B. (Upper part). 

Conglomerates with pebbles of very great size at base, 
succeeded by grits and green and red shales. Supposed 
annelid tracks have been discovered in these by Prof. Fritsch. 
Thoy repose unconformably upon pre-Cambrian rocks. They 
may be correlated with the Harlech Series of Britain which 
they very strongly resemble. 

Stage C* 

Fine greenish grey and blackish shales, with occasional 
concretions, and a rich fauna amongst which M. Barrande has 
found : — 

Arionellus ceticephalus Sao hirsuta 

Oonoooryphe ornatus Agnostus integer 

0. striatus A. rex 

C. Sulzeri Orthis Romingeri 

Ellipsocephalus Hoffi Theca prima 

Hydrocephalus carens Trochocystites bohemicus 

Paradoxidos bohemicus Lichenoides prisons. 
P. spinosus 
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There is no doubt whatever as to the age of this stage. 
The fossils are like those of the Menevian beds of Britain, and 
are some of them specifically identical with those of the Fara- 
doxides beds of Scandinavisj.. . 

Stage D. 

Band D. d. 1. 

a. This structure rests unconformably upon stage C, at 
other places, where stage C. and the upper part of stage B. are 
wanting, it rests upon pre-Cambrian rocks. It is made up of 
conglomerates, with greenish quartzose grits, and contains 
Lingula Feistmanteli in abundance in places. I have else« 
where correlated this with the Lingula Flags. 

fi. Black, green and red pisolitic ironstones with : — 

Amphion Lindaueri Echinosphserites ferrigina 

Erinnys Grimmi Orthis desiderata. 

Has a lithological resemblance to the Tremadoc beds of 
Britain, and like them shews an admixture of ' primordial ' and 
' second' forms. 

Above D. d. 1, yS, is a series of volcanic rocks, porphyrites 
and interbedded ashes and agglomerates, which were probably 
poured out in Arenig times, as no fossils of true Arenig type as 
defined by Dr Hicks occur in Bohemia ; the fossils of the next 
beds : — 

7, being of Llanvim type : d. 1 7 consists of fine, slightly 
micaceous, black muddy shales, deposited like those of C. in 
4eep water. Fossils: — 

Graptolithus avus (= fragments Ogygia desiderata 

of Didymograptus ?) Asaphus nobilis 

Didymograptus Suessi Flacoparia Zippei 

^glina rediviva Trinucleus Eeussi 

Barrandea crassa Turrilepas bohemicus 

Calymene Arago Orthis bohemica 

Dionide formosa Ribeiria pholadiformis 

Illsenus advena Redonia bohemica 

I. Katzeri. Conoceras preposterum. 
Phacops (Dalmannites) atavus 
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Band D. d. 2. 

Hard quartzose grits with some shaly bands, evidently 
deposited in shallow water. Some of the thin grit bands are 
ripple-marked and contain annelid tracks. Other fossils are :— 

Acidaspis Buchi Asaphus ingens 

Dalmanites socialis Trinucleus Goldfussi 

Illaenus Panderi Turrilepas foliculum 

Homalonotus rarus Orthis redux 

Placoparia grandis Bellerophon bilobatus. 

From the resemblance of the fossils to those of the under- 
lying D. d. 1 7, rather than of the beds above, I should be 
inclined to compare this band also with the Llanvim Series. 

Band D. d. 3, is composed of fine black muddy shales, 
deposited in deep water, but interstratified with thin grit 
bands. Amongst the fossils are : — 

Trinucleus Goldfussi Dalmanites proeva 

T. omatus (= concentricus) Nucula bohemica 

Dionide formosa Ribeiria Sharpei 

Asaphus nobilis Orthoceras importunum 

-^glina rediviva Climacograptus. 

I have before suggested the correlation of this band with 
the Lower Bala (Llandeilo) series of Britain. 

Band D. d. 4, consists of gritty, ferruginous, very micaceous 
shales, false-bedded and ripple-marked, and with annelid tracks^ 
being evidently deposited in shallow water. A thin band of 
limestone occurs in one place. Its fauna however connects it 
with the Middle Bala of Britain. The following list gives only 
a few of the fossils : — 

Trinucleus omatus Telephus fractus 

^glina rediviva Turrilepas firatemus 

Calymene incerta Asterias bohemica 

Cheirurus claviger Orthis elegantula 

Homalonotus medius Leptaena aquila, &c. 

Band D. d. 5. 

The lower part of this, the Kraluv Dvur shales of Krejczi, 
consists of deep-water grey and olive green shales, which I have 
already correlated with the Middle Bala beds of Britain, and 
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which LinnarssoQ has shewn to be the equivalent of the Trinu- 
cleus shales of Sweden. Some of its fossils are : — 

Agnostus tardus Phillipsia parabola 

^glina rediviva Sphaerexochus latens 

Calymene Blumenbachii Remopleurides radians 

Ampyx Portlockii Strophomena folium 

Cheirurus globosus Lept^na nuntia 

Dionide formosa Ribeiria pholadiformis 

Telephus fractus Diplograptus pristis 
Dindymene Frederici-Augusti Dicellograptus anceps. 

The upper part of this band is called the Kosov Grits by 
Pro£ Krejczi. I have seen no fossils occurring in the undoubted 
grits. Its position is that of the Upper Bala Series, and its 
uppermost beds have been denuded. 

Silurian System. 

I have purposely omitted any reference to the Colonies 
which M. Barrande describes as occurring in D. d. 5, having 
given reasons elsewhere for supposing that they are due to 
physical disturbances. The beds of this system repose uncon- 
formably upon the beds of the Cambrian System, but the line 
of junction is rarely seen. 

Stage E. ' 
Band E. e. 1. 

A conglomerate at the base, succeeded by black shales with 
calcareous nodules towards the top, passing into thin-bedded 
limestone at the summit. This band contains four distinct 
graptolitic zones, the two lower of which are equivalents of the 
Valentian Series, and the two upper of the Salopian. 

Zone 1. Bastrites beds : these are described by me (Q. /. G^ 
S. XXXVI. p. 607) as the *' Diplograptus-zone." 

Some of the fossils are ;— 

Monograptus cyphus Bastrites peregrinus 

M. lobiferus Diplograptus folium 

M. spinigerus Climacograptus normalis 

M. triangulatus Discinocaris Brouniana. 

This zone is the equivalent of the Birkhill Shales. 
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Zone 2. Turriculatus beds occur at Kuchelbad, litohlav, 
&c., and are equivalent to the Gala beds.. Fossils : — 

Monograptus Beck! Diplograptus palmeus 

M. priodon Ba^rites Linnsei 

M. turriculatus 

Zone 3. Cyrtograptus beds. These are the beds containing 
the Anthracolite nodules of M. Barrande. Fossils : — 
Monograptus priodon Betiolites Qeinitzianus 

M. vomerinus Circulina bohemica 

Cyrtograptus Murchisoni Aptychopsis primus. 

These beds I previously described as the " priodon-zone." 
They represent the Cyrtograptus Murchisoni beds of Britain and 
Sweden. 

Zone 4. Colonus beds. Calcareous black shales weathering 
yellow with : — 

Monograptus colonus M. Flemingii? 

M. testis Ceratiocaris 

M. Boemeri Halysites catenularius 

M, bohemicus Cardiola interrupta &c. 

The thin limestones at the summit of £. e. 1 contain other 
fossils, as : — 

Ampyx Boualti Rhynchonella Megaera 

Arethusina Konincki Spirifer trapezoidalis, &c. 

I may mention that the zone 2 is also recognisable in 
certain of the colonies, as the Colony at Hodkoviczek. 

Band E. e. 2. Thick-bedded grey crystalline limestone^ 
crowded with fossils, containing calcareous shales in places. 
Amongst the hundreds of fossils recorded by M« Barrande from 
this band may be mentioned : — 

.Ischadites Eoenigi Ampyx Boualti 

Monograptus colonus Acidaspis mira 

M. Roemeri Arethusina Konincki 

Halysites catenularius Calymene Blumenbachii 

Heliolites confertus Bronteus planus 

Omphyma grandis Deiphon Forbesi 

Ceratiocaris bohemicus Cheirurus insignis 

Turrilepas delicatulus Harpes venulosus 
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Sphaerexochus minis 
Staurocephalus Murchisoni 
Lichas palmata 
Fhacops Volborthi 
Atiypa imbricata 
Orthis elegantula 
Fentamerus Knightii 
P. linguifer 
Betzia vesta 
Strophomena trapezoidalis 



Spirifer trapezoidalis 
Cardiola interrupta 
Lunulicardium bohemicum 
Ecculiomphalus subuloides 
Capulus elegans 
Chiton bohemicus 
Orthoceras bohemicum 
Cyrtoceras sociale 
Gomphoceras bohemicum 
Ascoceras Murchisoni, &c. 



Bhynchonella navicula 

The above list is amply sufficient to indicate the Salopian 
affinities of this band. 

Stage F. 

Band F. £ 1. 

Black crystalline, thin-bedded limestones, of small thick- 
ness, with thin black shales. 

Bronteus umbellifer Tentaculites intermedins 

Proetus lepidus Pilidion bohemicum 

Harpes venulosus Orthoceras originale 

Atrypa reticularis Cyrtoceras pugio, &c. 

Spirifer Nerei 

Band F. f. 2. 

White or pink crystalline limestones; this band is also 

thin. 



Lichas Haueri 

Phacops fecundus, var. major. 
Proetus bohemicus 
Harpes venulosus 
Calymene Blumenbachii 
Bronteus Hawlei 
Sphaerexochus ultimus 
Atrypa Sappho 
A marginalis 
Chonetes minimus 
Leptaena Lewisii 
Merista Herculea 



Orthis elegantula 
O. hybrida 
O. lunata 

Pentamerus linguifer 
P. galeatus 
Betzia Barrandei 
Bhynchonella Wikoni 
Spirifer Nerei 
Strophomena depressa 
Bellerophon bohemicus 
Euomphalus funatus 
Orthoceras subannulare 
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Qomphoceras seinickiusum Cheiracanthus bohemicus 

Cyrtoceras aequale Coccosteus primua 

Goniatites plebeius 

I would correlate Stage T. with the Downtonian Series. 
The absence of graptolites and the presence of fish bear out 
this view, as well as the abundance of large Pentameri and the 
presence of Goniatites. 

Stage G. 

. Band G. g. 1. Dark grey, compact nodular limestone, with 
a few shaley bands. 



Bronteus Brongniarti 
Cheirurus gibbus 
C. Stembergi 
Acidaspis Hoemesi 
Calymene interjecta 
Harpes venulosus 
Phacops fecundus, var. degener 
Ceratiocaris tardus 
Pterygotus expectatus 
Atrypa reticularis 
Pentamerus linguifer 



Chonetes hostinensis 
Avicula grandis 
Isocardia potens 
Murchisonia Vemeuili 
Pilidion bohemicum 
Orthoceras pseudo-calamiteum 
Trochoceras tardum 
Goniatites fecundus 
Asterolepis bohemicus 
Coccosteus Agassizi 
Ctenacanthus bohemicus. 



Spirifer falco 

Band G. g. 2. Compact, unctuous, mottled shales, with 
nodules and bands of grey limestone. 



Fucoides hostinensis 
Ischadites bohemica 
Petraia bohemica 
Syringopora bohemica 
Proetus superstes 
Phacops fecundus, var. superstes 
Cheirurus Stembergi 



Chonetes novellus 
Pentamerus linguifer 
Spirifer infirmus 
Avicula decipiens 
Cyrtoceras tenue 
Orthoceras annulatum 
Goniatites fecundus. 



Atypa obovata 

Band G. g. 3. Very like the limestone of g. 1, but of a 
lighter colour ; remarkable for the abundance of Cephalopoda. 

Fucoides hostinensis Phacops fecundus, var. major 

Calamopora bohemica. Chonetes novellus 
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Lingula cornea Orthoceras redux 

Ayicula grandis - O. annulatum 

Pilidion fastigiatum O. dulco 

Gomphoceras biconioum Goniatites bohemicus 

Hercooeras miruxn G. fecundus 

Fhragmoceras Broderipi Nautilus vetustus. 
Trocboceras transiens 

Tbe Stage G. is also to be correlated with the Downtonian 
series. 

Stage H. 

Band H. h. 1. Grey non-micaceous shales, ripple-marked 
and crowded with fucoid remains. 

Band H. h. 2, resembles L 1, but has interstratified grit 
bands. 

Band H. h. 8, is similar to h. 1. 

Fossils of H : — 

Fucoides hostinensis Orthoceras equisetum 

Lepidodendron sp. Gyroc^ras tenue 

Fhacops fecundus Goniatites fecundus. 
Lingula cornea 

Stage H. may also be correlated with the Downtonian series, 
but is probably of later age than any rock included in the 
Silurian system of Wales. It is probably the equivalent of 
some of the Old Red Sandstone beds, which I think must ulti- 
mately be included in the Silurian system. 

I may call attention to the resemblance which Fucoides hos- 
tinensis bears to certain fossils described by Messrs. Binney and 
Kirkby from the Upper Coal Measures of Scotland (Q. J. 0. 8. 
XXXVIII. p. 245). Like them, the Fucoides hostinensis is re- 
markable for its subrectangular branching. It also occurs with 
Lepidodendron, but this fossil is extremely rare in Stage H. 

7. Thuringia. 

Murchison in his 'Siluria' describes both Lower Siluriati 
(Cambrian) and Upper (true) Silurian rocks in this area., but 
the difficulty raised by the occurrence of graptolites which he 

7—2 
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was accustomed to consider of Llandeilo age^ has caused some 
confusion. The occurrence of Maclurea and of a trilobite 
resembling Ogygia Buchii proves the presence of Cambrian 
rocks. The graptolite-bearing rocks have been shewn by 
Geinitz and Richter to be of true Silurian age, and representa- 
tives of both Valentian and Salopian rocks occur. In the 
Yalentian rocks, besides Pentamerus oblongus, P, globosus, and 
Nereites are graptolites of Birkhill type, as : — 

Monograptus gregarius Rastrites perigrinus 

M. Sedgwicki Cephalograptus cometa 

M. triangulatus Diplograptus folium, &c. 

Whilst Salopian beds are indicated by the occurrence of: — 

Monograptus priodon Cardiola interrupta 

M. colonus Orthoceras bohemicum 

Retiolites Geinitzianus O. styloideum. 

The three last-mentioned fossils occur in limestone bands, 
which, as in the case of Bohemia, succeed the graptolitiferous 
shales. 

8. Sardinia. 

The researches of Meneghini shew the presence of true 
Silurian rocks in this island. He figures species of Monograptus 
resembling Salopian forms, and the occurrence of Cardiola inter- 
rupta bears out the conclusion that some at any rate of the 
Sardinian formations represent the Salopian series. 

9. Podolia. 

M. Malemsey has discovered fossils in limestones, shales, 
and sandstones, which he correlates with Llandeilo, Caradoc, 
Wenlock and Ludlow beds. A list of fossils is given in 'Siluria' 
p. 360, which however does not contain any typical Cambrian 
forms, whereas the presence of fossils such as : — 

Omphyma turbinatum Proetus concinnus 

Calymene Blumenbachii Sphaerexochus minis 

Illaenus Barriensis 

seems to point to the Salopian nature of some of the beds. 
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§ V. Description of the Cambrian and Silurian Rocks 

of America, 

In South America, trilobites of 'primordial' type are stated 
to have been discovered (Barrande, Du Maintien, &c. p. 8), but 
I have been unable to find any detailed account of the forms. 
D'Orbigny has also described fossils, as Cruziana, graptolites, 
Lingula, Asaphus, &c. as occurring in this region, so that a full 
development of the Cambrian system seems to be found here, 
but too little is known of the area at present for us to attempt 
any correlation with series in other countries. The case is 
different however with the rocks of North America, for there, 
both in the United States and in Canada^ we find a magnifi- 
cent development of rocks belonging to the Cambrian and 
Silurian systems, which have been correlated more or less 
successfully with European deposits. 

The table which follows p. 102 is compiled from tables 
given by Sir W. R Logan and Dr Sterry Hunt, and shews the 
principal nomenclatures in use in America, and the correlation 
of the American series with those of Britain. 

1. Newfoundland. 

The Cambrian and Silurian beds of Newfoundland have been 
examined by Mr Alexander Murray, and a report of the beds 
has been given by Sir W. E. Logan. 

1. The Potsdam Sandstone is divided into three divisions, 
viz.: — 

A. Slates and conglomerates, 2000 feet. 

B. Slates and limestone, 1100 feet with 

Lingula cf. prima 

Paradoxides Bennetti (= spinosus ?) 

P. (Olenellus) Vermontanus. 

C. Limestone with slate 900 feet, contains Scolithus. 

The Potsdam sandstone therefore seems to represent both 
the Menevian and Lingula Flags of Britain. 

2. Quebec Group, Limestone, dolomite, serpentine, and 
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shales compose this group, and the whole has a thickness of 
about 5000 feet 

Bathyurus Nero Piloeeras Wortheni 

Maclurea Normani Orthoceras Allumettense. 

Murchisonia simulatrix 

These rocks seem from the above fossils to belong to the 
lower part of the Quebec group, the equivalents of the Tremadoc 
series. 

Silurian System. 

The following beds in ascending order are placed in this 
system by Mr Murray : — 

1. Coarse conglomerates ... 

2. Sea-green slates 

3. Grey schist 

4. Grey arenaceous slates. . . 

5. Green and black slates with 

sandstones 

6. Concretionary slates . . . 

7. Limestone. 

8. Slates 

2800 

2. Nova Scotia. 

The following Silurian rocks are developed in this area, being 
divided into four groups by Honeyman : — 

A. Grey altered argillaceous and arenaceous shales, 200 
feet in thickness. These are correlated by Dawson with the 
May Hill series. 

B and B'. Dark ferruginous shales with : — 

Monograptus Clintonensis 
Grammysia cingulata 

The equivalents of the Salopian series. 

C. (= Lower Arisaig series of Dawson), more calcareous 
than the underlying beds : — 

Bhynchonella Safifordi 
Spirifer rugaecosta, &c. 
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D. (= Upper Arisaig of Dawson), contains fossils of Lower 
Helderberg type, and is the equivalent of the Downtonian 
series. 

3. New Brunstmck, 

Mr Matthew has described a group which he terms the 
St John's group (= Acadian group, Dawson), which is remarkable 
from having yielded Menevian forms. The whole group is about 
4500 feet in thickness, but the Menevian forms occur in a band 
at the base, only 150 feet in thickness, which succeeds conglom- 
erates, the latter resting unconformably upon crystalline schists. 
The following fossils occur in this band : — 

Agnostus similis C. Baileyi 

Conocoryphe Matthewi Paradoxides lamellatus 

C. Orestes Microdiscus. 
C. Robbii 

The succeeding sandstones and shales contain Lingula. Beds 
of the Silurian system also are found in New Brunswick. 

4. Eastern Canada. 

The Geology of Canada has been well described by Sir 
W. E. Logan, who treats of the beds of the Eastern and Western 
parts separately, and in giving here a brief abstract of the nature 
of the series the same course will be pursued. 

Cambrian System. 

1. Potsdam Sandstone, Fossils : — 

Kutorgina cingulata Conocoryphe minor 

Orthisina festinata Bathyurus parvulus, &c. 

Camerella antiquata 

It will be noticed that in America, the beds correlated by 
American geologists with the Lingula Flag series (as the group 
now under consideration) contain a considerable quantity of 
moUusca. This is not the case with most of the European de- 
iposits of this age, but as I have elsewhere observed, from 
the abundance of these forms in such rocks as the Orthoceras 
limestone of Sweden, it was to be expected that in some other 
area they would be found at a lower horizon. In describing the 
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Potsdam group of the Western part of Canada, I shall have 
occasion to record the occurrence of Gasteropods and Cephalopods 
in this group. 

2. Quebec Oroup. This group is composed of limestones 
and shales, and has faunas representing those of the Tremadoc 
and Arenig rocks of Britain. The limestone at Levis has an 
undoubted Tremadoc fauna, e.g. 

Dikelocephalus planifrons D. magnificus 

D. megalops Bathyurus quadratus, &c., 

D. Oweni 

whilst in the higher slates occur the celebrated graptolites of 
this group which have been so successfully compared by several 
authors with those of the Arenig rocks of Britain. Amongst 
these are : — 

Clonograptus rigidus Didymograptus bifidus 

Loganograptus Logani Phyllograptus typus 

Dichograptus octobrachiatus F. angustifolius. 
Tetragraptus bryonoides 

For a full list the paper by Prof. Lap worth On the Geological 
Distribution of the Bhabdophora may be consulted. 

The Hudson River and Trenton groups are apparently want- 
ing in Eastern Canada. 

SiLUBiAN System. 

GaspS Limestones, These limestones are about 1200 feet 
thick, and rest unconformably upon Ifhe Quebec group and other 
rocks ; amongst other fossils they contain : — 

Phacops Atrypa reticularis 

Bronteus Canadensis A. laevLs 

Pterygotus Avicula naviformis 

Pentamerus galeatus Loxonema Gaspensis, &c., 

and they are correlated by Sir W. Logan with the Lower 
Helderberg group of New York and the Upper Ludlow rocks of 
Britain. 

5. Western Canada, 

The beds of this area are stratigraphically continuous with 
those of New York. 
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Cambrian System, 

1. Potsdam Group, 

This group fills up inequalities in the underlying Laurentian 
rocks. The lowest part consists of a coarse conglomerate, and 
this is succeeded by sandstones, the whole being from 300 — 700 
feet in thickness. The following are some of the fossils : — 

Scolithus Canadensis Pleurotomaria 

Lingula acuminata Orthoceras. 

Ophileta compacta 

2. Caldferoua Sandstone. 

This sandstone, which corresponds with the lower part of the 
Quebec group or with the Tremadoc beds of Britain, is calcareous^ 
and the group contains also granular magnesian limestone, the 
whole being about 300 feet thick. Fossils : — 

Bathyurus Cybele Trochonenaa carinata 

Lingula Mantelli Maclurea matutina 

Orthisina grandaeva Piloceras Canadense 

Conocardium Blumenbaehii Orthoceras Becki. 
Ophileta compacta 

3. Chazy Formation, 

This, the representative of the upper part of the Quebec 
group, consists of limestone, associated with sandstones and 
shales, the whole being about 150 feet thick. Fossils : — 

Sphaerexochus parvus Camerella varians 

Harpes antiquatus C. longirostra 

Bathyurus Angelini Rhynchonella plena 

Amphion Canadensis Lingula Lyelli 

lUaenus globosus Vanuxemia Montrealensis 

Orthis Porcia Pleurotomaria Calyx, &c. 
O. borealis 

4. Birdseye, Black River and Trenton Formations. 

These consist chiefly of black bituminous limestones, con- 
formable to the lower series, the whole about 600 feet thick. 
Fossils : — 
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.Illaelaus Conradi 
Bathyurus extans 
Asaphus megistos 
A, platycephalus 
Phacops callicephalus 
P. (Chasmops) Bebryx 
Brouteus lunatus 
CTheirurus pleurexanthemus 
Calymene Blumenbachii 
Acidaspis Horani 
Trinucleus concentricus 
Camerella Volborthi 
C. Panderi 
Lingula Eva 



Stropliomena deltoidea 
Orthis testudinaria 
O. subquadrata 
O. borealis 
O. lynx 

Rhynchonella recurvirostria 
Avicula elliptica 
Modiolopsis carinata 
Ctenodonta astartaeformis 
Cyclonema Halliana 
Pleurotomaria subconica 
Eunema Erigone 
Murchisonia gracilis 
Subulites elongatus. 



Leptaena sericea 

These beds lie between the Chazy group correlated with 
Arenig rocks, and the XJtica slates which contain graptolites of 
Glenkiln type, they therefore seem to correspond in position 
with the Llanvim beds of Britain, but in this case the number 
of forms of Middle Bala type is remarkable. 

5. XMca Slate and Hudson River Formation. 

This series consists of shales, sandstones, and conglomerates, 
the whole about 2000 feet thick. Fossils: — 



.Climacograptus bicomis 
Dicranograptus ramosus 
Triarthrus glaber 
.T. Becki 
Proetus Alaricus 
Calymene senaria 
Cheirurus Icarus 
Asaphus Canadensis 
Linsrula Canadensis 



Orthis occidentalis 
Rhynchonella capax 
Athyris Headi 
A. borealis 

Modiolopsis modiolaris 
Avicula demissa 
Cyclonema bilix 
Ascoceras Canadense 
Orthoceras crebriseptum. 



Prof. Lapworth records beds containing graptolites of Glen- 
kiln type in the valley of the St Lawrence opposite Albany, 
where convoluted shales occur, which Mr Whitfield correlates 
with the Utica slate, and this correlation Prof, Lapworth seems 
inclined to accept 
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In this case, these Utica slates and Hudson Eiver beds re- 
present both Lower and Middle Bala. 

Silurian System. 
1. Medina and Clinton Formations. 

The Medina sandstone is 600 feet thick ; it is stratigraphi- 
cally continuous with that of New York, bat the underlying 
Oneida conglomerate has disappeared. 

The sandstones contain only Arthrophycus Harlani and 
Lingula cuneata. 

The Clinton group is only a few feet thick, and consists of 
shales and limestone with : — 



Stenoposa fibrosa 
Zaphrentis Stokesii 
Bumastus Barriensis 
Homalonotus delphinocephalus 
Phacops limulurus 
Strophomena rhomboidalis 
Athyris naviformis 



Orthis elegantula 
O. Davidsoni 
0. porcata 
Atiypa reticularis 
A. hemisphaerica 
Pentamerus oblongus 
Bhynchonella cuneata^ 



This and the Medina sandstone are correlated by Logan with 
the May Hill Series. 

2. Niagara Formation, 

The lowest limestone placed in this group by Sir W. E» 
Logan is placed in the underlying Clinton group by the New 
York geologists. 

The Niagara group attains a thickness of 180 feet at Eoches* 
ter, viz.: — 100 feet of very fossiliferous blackish-blue calcareous 
shale, supporting 80 feet of limestone. Fossils : — 

Favosites Gothlandica 
Heliolites interstincta 
Halysites catenularius 
Zaphrentis Stokesii 
Eucalyptocrinus decorus 
Phacops caudatus 
Calymene Blumenbachii 
Encrinurus punctatus 



Homalonotus delphinocephalus 
Bumastus Barriensis 
Leptaena transversalis 
Strophomena rhomboidalis 
S. pecten 
Orthis elegantula 
0. hybrida 
Spirifera crispa 
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Atrypa reticularis Avicula subplana 

Rhynchonella cuneata Acroculia Niagarensis. 

This group has long been correlated with the Wenlock of 
Britain, a correlation fully supported by the fossils. 

3, Ouelph Formation, 

This is apparently wanting in New York. It is composed of 
160 feet of dolomites. Fossils : — 

Pentamerus occidentalis Pleurotomaria solaroides 

Megalomus Canadensis Holopea Guelphensis 

Murchisonia macrospira Bellerophon angustatus. 
Subulites ventricosus 

From what we know of similar formations in Britaiu, we 
should probably consider this as a part of the next described 
group, the association of dolomite with red sandstones and 
gypsums being familiar. 

4. Onondaga Salt Group, 

This group attains a thickness of 700 feet. It consists of 
red sandstones, magnesian limestones, gypsum, and sulphate of 
magnesia. The occurrence of a thick mass of dolomite (the 
Guelph formation), in the Canadian area at the base of this 
series, and its absence in New York, reminds one of the occur- 
rence of a mass of fossiliferous magnesian limestone at the base 
of the New Bed Sandstone in Durham, and its absence in the 
Eden Valley, 

I would correlate both Guelph and Onondaga salt groups 
with the Salopian rocks. Logan places oue with the Wenlock, 
the other with the Ludlow, but they seem to be closely united, 
so that here again we see that Prof. Lapworth's subdivision of 
the Silurian system is the natural one. 

5. Lower Helderberg Group. 

This group correlated with the Ludlow beds is divided into 
five stages in the New York area, but only the lowest of these 
occurs in Western Canada, viz.: — the Water-lime group. It is 
from 20 to 45 feet in thickness, consisting of dolomite (water- 
lime) with Euryptenis remipes and Ceratiocaris. The occurrence 
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of this one group in Canada, and its composition, diifering from 
that of the rocks above, makes one feel inclined to place it 
rather with the Onondaga group than with that of the Lower 
Helderberg. 

6. Neiv York. 

The series, as described by Hall, in his Palaeontology of New 
York, are for the most part similar to those of Canada. As the 
beds are in stratigraphical continuity with those of Western 
Canada, and rather full fossil lists have been given when describ- 
ing that area, it is unnecessary to repeat such lists. 

Cambrian System. 

1. Potsdam Sandstone, consists of conglomerates, sandstones 
and shales, with Scolithus, Lingula prima, and L. antiqua. 

2. Calciferous Sandstone, contains Lingula acuminata, Ma- 
clurea matutina, Orthoceras laqueatum. 

3. Chazy Limestone. The lower part presents an aggregation 
of fragments of crinoidal remains, corals, and shells; scarcely any 
of the fossils ascend into the succeeding series. 

4. Birdseye Lim^tone, consists of bluish-grey, or light 
dove^coloured, fine-grained and compact limestones^ in thick 
layers, with an evenly-bedded structure. 

5. Black Biver Limestone, Si, greyish blue, very compact, and 
Bometimes crystalline limestone. 

6. Trenton Limestone, for the most part a thin-bedded series, 
the limestone being of a dark-blue or black colour. The series 
is shaley at the base. 

7. Utica Slate and Hudson River Oroup. Slates and lime- 
stones. 

Silurian System. 

1. Oneida Conglomerate "marks in a most decided and 
unequivocal manner, the limit between the lower and middle 
portions of our system. Its wide extent, and in many places its 
extraordinary development^ entitle it to rank as of great import- 



Anoe." 



" In the regular ascending order, the Oneida conglomerate 
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succeeds the Hudson-river group. It sometiines rests on the 
shales of that group, as in Herkimer County; or succeeds a 
fine-grained gray sandstone, which may be regarded as termina- 
ting the Hudson-river group, and forming a more natural passage 
into the conglomerate." Hall. 

The Oneida conglomerate contains no fossils. 

2. Medina Sandstone. A nearly homogeneous argillaceous 
sandstone, almost wholly devoid of fossils, towards its upper 
termination however it is more purely arenaceous, and contains 
more fossils. 

3. Clinton Group. At the base, a shaley deposit occurs, 
but this is soon succeeded by alternations of sandstone, precisely 
like the Medina sandstone. In its western extension the Clinton 
group assimilates in character to the Niagara group, for it as- 
sumes a more calcareous character. 

4. Niagara Oroup, This is well marked in the neighbour- 
hood of the Niagara Falls, Lockport, &c. and becomes diminished 
in thickness during its eastward extension, and appears quite 
subordinate to the Clinton group. It consists, when best de- 
veloped in Western New York, of a mass of shale, succeeded by 
one of limestone, the passage between the two taking place by a 
gradual increase of calcareous matter. 

5. Onondaga Salt Oroup, like that of Canada, and the 
higher drab-coloured layers, are stated by Hall to graduate into 
the Tentaculite limestone or Water-lime group in places. 

6. Lower Helderherg Oroup. I have already stated that 
only one out of five divisions of this group occurs in Canada, 
and that it appears to be more nearly allied to the preceding 
group than this. That division, the Water-lime group, is suc- 
ceeded by the following : — 

a* Pentamerus limestone, a concretionary limestone, with 
Fentamerus galeatus, attaining a thickness of SO feet. 

6. Delthyris shaley limestone, with Spirifera (Delthyris) 
macropleura, is 60 — 70 feet thick, 

c. Encrinital limestone, 25 feet thick. 

d. Upper Pentamerus limestone, also contains Pentamerus 
galeatus, with Rhynchonella. 



112 CLASSmCATIOK OF THE 

7. Verrnani, and Masgachfuetts. The presence of a Menerian 
tsatDSL in these areas is notioeabla In Yermont, a red sandstone 
with dolomite occurs, containing: — 

Paradoxides (Olenellus) Tbompsoni 
P. (O.) Vermontana 
Conocoryphe AdamsL 

Whilst in Ifassachosetts, the Bohemian species, Paradoxides 
spinosos has been found in altered argillaceous sandstone. 

8. Pennsylvania. This area has been described by the Pro- 
fessors Rogers, and the beds correspond generally with those of 
New Yort The brothers Sogers however rejected the classifi- 
cations of the British and New York geological surveyors as 
stated by Dr Hunt, and adopted one of their own, which, as far 
as the Cambrian and Silurian systems are concerned, is given in 
the table at the commencement of the description of the North 
American rocks. 

9. Ohio. In the Report of the Geological Survey of Ohio 
for 1870, Mr Orton describes the geology of Highland County. 

Cambbiak Systebl 

The Cincinnati or blue limestone group is the only Cambrian 
rock found in the County, and only the uppermost 50 — 100 feet 
of this are found. Ten to twenty feet of red shales overlie the 
fossiliferous beds at frequent intervals, and when wanting their 
place is supplied by sandy or shaley limestones. 

SiLUBUN System. 

1, The Clinton group succeeds the Cambrian rocks. It is 
35 — 50 feet thick and largely consists of crinoidal limestone. 
"A bed of limestone conglomerato, several feet in thickness, 
occurs near the base of the series in the southern part of the 
county.... The pebbles that compose the conglomerate appear to 
have been derived from the Blue limestone or Cincinnati rocks." 

2. Niagara series succeeds the Clinton series. Its total 
thickness is not less than 276 feet. In ascending order, it con- 
sists of the following members : 

1, Dayton stone. 

2. Niagara shale. 
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3. West Union or Lower Cliff. 

4. Springfield Stone or Blue Cliff. 

5. Cedar ville g^elph liiaestone. 

6. Hillsbora' sandstone. 

3. Helderberg Limestpue is 15 — ^100 feet in thickness and 
is succeeded by Huron shales of Devonian age. 

10. Arctic Regions : Qrinn^ll Land, Jtc. From the nature 
of the fossils brought back by the Arctic expedition under Sir 
George Nares, and described by Mr i^theridge in 1878, it is 
evident that both Cambrian and Silif rian rock^ are represented 
in this area. 

Cambrian System. 

1. Conglomerates, dolomites and limestones with Maclurea 
Logani and M. magna, are ppssibly the equivalents of the Arenig 
rocks. 

2. Strophomena siluriana }& recprded from this area: in 
Britain it is Upper Bala. 

SiLURiAjf System. 

1. Monograptus con?^olutus var. Coppingeri was found in 
fissile shale. It is a Valentian form, 

2. The following fossils ^hew the presence of Salopian beds 
in the area : — 

Favosites gothlandicu^ Pentamerus Coppingeri 

Halysites catenularius Al^rypa reticularis 

Encrinurus laevis Meristella tumida 

§^ VI. Conclusion. 

In all the areas described in the foregoing pages the Cambrian 
and Silurian rocks consist of deposits of fine shales, alternating 
with series of limestones, sandstones, &c. I have attempted to 
give correlations of the deposits of different areas, by comparing 
the shale beds with one another, and then correlating the other 
beds by noting their relations to the shale beds. In doing so, 
no palaeontological difficulties arise, when considering the shale 

8 
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beds, but certain abnormal distributions of the limestone and 
other faunas are noticeable, as in the case of the Leptaena 
limestone of Scandinavia, and the Trenton Group of North 
America. This may give rise to doubts as to whether the 
methods I have employed are in reality safe, but in order to 
test the validity of the method let us apply it to some well- 
known rocks. The Jurassic Series of Britain consists of a series 
of clays with alternations of other rocks ; these clays then are 
strictly comparable with the shales of the Cambrian and Silurian 
rocks. Now we know from actual stratigraphical continuity of 
the beds that the Lias, Oxford, and Kimmeridge Clays are 
traceable across Britain, whereas the intermediate limestones 
and sandstones vary considerably in their lithological characters, 
their extent, and also their palaeontological characteristics. The 
clays on the other band are palaeontologically similar throughout 
their extent. If these clays are so constant, we need not be 
surprised to find the Cambrian and Silurian argillaceous beds 
also widely distributed, and I have already given reasons for 
supposing that they would be much more widely spread at that 
period than in subsequent times. These argillaceous beds may 
be therefore used as means of comparison of the deposits of 
diflferent areas. I have given reasons for supposing that these 
beds are in most cases deep-water deposits, and between them 
occur more or less shallow-water deposits. These shallow-water 
deposits axe often spoken of as being simply due to the rate of 
deposition being greater than that of depression of the area in 
which the sediment is settling down, but in many cases it seems 
to be due to actual upheaval. The sudden change from shale 
to sandstone would not be brought about by mere silting-up, as 
the land would still be at the same distance from the area which 
was receiving deposits, but an actual upheaval of the area would 
be required to bring the land-margin nearer to the area of 
deposition. That this was the case with some of the shallow- 
water deposits of the Cambrian rocks seems evident from the 
fact that whilst one area received shallow-water instead of deep- 
water deposits, another area nearer the land was actually raised 
above the sea-level. The Lingula Flag deposits of Britain for 
instance shew change from deep to shallow water, and part of 
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the Bohemian area previously submerged was actually upheaved 
above the sea-level, as shewn by the absence of the Olenus fauna, 
and the occurrence of a conglomerate resting unconformably 
upon the Paradoxides-bearing beds. In this way, we find 
indications of oscillations of level in Cambrian times, which 
oscillations were very wide-spread ; upward movement is shewn 
by the Lingula Flag deposits, and by the Garth grit, and the 
greatest upward movement of all is that which took place at the 
end of the Cambrian period, and it also was wide-spread. 

Before considering further the effect of these oscillations it 
is necessary to say a few words about the physical geography of 
the European and American areas during the time of the 
formation of the Cambrian and Silurian deposits. Dr Hicks 
considers that the American and European areas underwent 
invasions of organisms, which migrated from some point near 
the Equator in the middle of what is now the Atlantic Ocean, 
and this certainly seems to receive support from the recent 
researches, especially of the distribution of deep-water forms, 
which for the most part seem to have rea<5hed America and 
Europe simultaneously. This ocean basin would be broader 
than the Atlantic of the present day, during the greater part 
of the Cambrian times, and we get some notion of the 
contour of the land on the European side from the mode 
of occun*ence of the pre-Cambrian rocks, and the time at 
which the deposition of the Cambrian rocks commenced in 
different areas. From this it appears that the continental 
coast-line was indented with bays or gulfs, the intervening 
promontories running in a general S.W. — N.E.ly direction, 
in the European area. This ocean basin received the deposits 
in the Cambrian period, and as at the commencement of that 
period the land on the European side extended further to the 
West than it now does, and likewise the land on the American 
side further to the East, it is in the westerly parts of Europe 
and the easterly parts of N. America that we should expect to 
find the earliest deposits, and such is actually the case. In 
Britain we find a large series of deposits of Harlech age; passing 
further East, we find a smaller series and shewing shallower- 
water conditions in Scandinavia, In Bohemia, most of the area 

8—2 
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was above water in Harlech times, and the deposits of Harlech 
and Menevian age in that area seem to have been deposited in a 
submerged estuary running in a N. and S. direction, for the 
stages B. and C. are only found in a lenticular mass in the 
North and South of the basin, so that these deposits run at 
right angles to the line of strike of the latest Pre-cambrian 
rocks, and were therefore not deposited in a depression de- 
termined by the lateral forces which produced the folding in 
those rocks. Still further E. in Bussia there is no trace of the 
Harlech beds. On the American continent the earliest beds 
are found in the extreme Eastern side, as in New Brunswick, 
Newfoundland, Vermont, and Massachusetts. Even here we 
do not seem to have any representative of the Harlech beds, so 
that these are probably buried under the Atlantic Ocean to the 
East of the United States and Canada. 

In the Lingula Flag times the first upward oscillation 
occurred, and produced the shallow-water deposits of that age 
in Britain, and elevated the estuary in Bohemia. 

These movements were of course of unequal extent in 
diflferent parts, although so widely spread. Then as in later 
times, one area underwent depression whilst another underwent 
elevation, but the curvature of the undulations was small, and 
the horizontal extent of each undulation large, so that no great 
amount of folding was produced. This movement in Lingula 
Flag times does not seem to have been in an upward direction 
in America, for deposits of Lingula Flag ^e (Potsdam Sand- 
stone) are the earliest foujcid ovej j^ great part of the areas 
described. 

Another upward movement in Britain occurred towards the 
close of Arenig times, and both before and after this there was 
great amount of depression, giving rise to the widely-spread 
deep-water deposits of Arenig and Llanvim age. 

In Bala times there seem to have been minor oscillations, 
but towards the end of the period, a considerable depression 
occurred over the European area, giving rise to the Hartfell 
shales, the Trinucleus shales of Sweden, and the lower part of 
D. d 5 in Bohemia, &c. 

Then at the end ef Bala times came that great upward 
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movement which is marked by shallow-water deposits and usu- 
ally by unconformities over so large a part of the area which is 
under consideration. The occurrence of conglomeratic beds 
and unconformities, in Britain, several parts of the continent of 
Europe, Canada, New York, Ohio, &c. marks the wide-spread 
nature of this upheaval, and its importance is further borne out 
by the palaeontological break which accompanies it. At this 
horizon it is that we find agreement between the lines drawn by 
geologists both of Europe and N. America, and at no other 
horizon is this the case. . In trying to separate the Cambrian 
into two groups the British geologist draws his line at the base 
of the Arenig, the Russian and Bohemian at the base of the 
Tremadoc, and some American geologists at the base of the 
Trenton group, which is on a still higher horizon. Between 
the Bala and the May Hill ^ries there is a break drawn 
by universal agreement, for here was the most extensive up- 
heaval. 

In the succeeding period there seems to have been a very 
rapid depression at the commencement in many places, produc- 
ing the deep-water Birkhill shales, but in other areas shallow- 
water beds of Valentian age were deposited. Let us here clearly 
understand what is meant by the Valentian series. The old 
Lower Llandoveiy rocks were placed in the Cambrian system, 
and the Upper Llandovery or May Hill beds in the Silurian 
system. Subsequently the Lower Landovery beds were included 
in the Silurian system, and severed from the Upper Bala series. 
Prof. Lap worth in calling the Birkhill shales Lower Llandovery, 
at the same time shews that the great break occurs at the base 
of that group in Scotland. Consequently the argument that 
the Birkhill shales are of Upper Bala ago, because they have 
been called Lower Llandovery, and the Lower Llandovery has 
been once correlated with Upper Bala, is worthless ; yet this is 
the argument employed by the author of the Silurian system of 
Bohemia in the Fifth Defence of his Colonies. The term Llan- 
dovery being the cause of so much confusion, and the term May 
Hill being one which we cannot apply to the Lower Llandovery 
beds of the old nomenclature, with any justice, let us adopt 
Prof. Lapwocth'sterm 'Valentian' for the beds spoken of formerly 
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as Llandovery, and include under the term, the Tarannon shales, 
closely connected with the ' Llandovery* rocks. 

The oscillations in Silurian times seem to have been less 
marked than those of the Cambrian period, and the general 
movement seems to have been one of depression, deposition 
at the same time gaining on depression. The higher part of 
the Salopian series is therefore composed of shallower water de- 
posits than the lower part, whilst the Downtonian series is 
composed of still shallower deposits. This silting-up was accom- 
panied by a sharp fold in the North Welsh and Lake District 
area towards the close of Silurian times, the result being that 
deposits ceased forming there before they had ceased in other 
areas, whilst in Carboniferous times, deposition began in this 
area at a later period than in other areas. The result of this 
sharp fold was to convert the Silurian sea-floor in its neighbour- 
hood into a series of confined lakes in which the Lower Old Red 
Sandstone deposits of Scotland and South Wales were formed. 
These Lower Old Red Sandstones are shewn by Professor Geikie 
to be succeeded by the Upper Old Red, which rest upon them 
with great discordance, and pass conformably into the Carbo- 
niferous beds. Prof. Geikie also considers the Lower Old Red 
rocks of Scotland to be the equivalents of the GlengarilBf beds of 
Ireland, which Prof. Hull considers to be Silurian, and correlates 
them with the Foreland Grits and Slates of South Devon. 

Prof. Hull considers the Middle Devonian beds of Devonshire 
to be unrepresented in the Irish area, they are however physi- 
cally the base of the Carboniferous rocks, deposited in the first 
part of the Carboniferous area which underwent submergence, 
just as the Harlech beds are only found in a few areas, whilst the 
Cambrian deposits of other areas did not commence to be formed 
until Menevian or later times. Eventually then these Lower 
Old Red Sandstones and their equivalents must be considered 
as a subdivision of the Silurian rocks, whether they are included 
in the Downtonian series or form a separate series. At the top 
of these beds is the true break, and the true summit of the 
Silurian system, although that system, as founded by its author, 
was without a true summit, just as it was without a true base. 
As so defined the Silurian system is worthy to rank alongside 
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of the older Cambrian system, and there is no need to split 
these up into a threefold series, for the sake of recognising the 
occurrence of three faunas. 

Every year as our knowledge of the older rocks increases, we 
find an increasing number of forms common to the so-called 
primordial and second faunas, and so various were the forms of 
different series in the earlier Cambrian beds, that geologists 
cannot agree as to where to draw the line between the primor- 
dial and the second faunas. Is it to be where Paradoxides (the 
genus which is particularly dear to the supporter of the primor- 
dial fauna) disappears, viz. at the top of the Menevian, for this 
is where Barrande practically draws it in Bohemia, if D. d 1 7 re- 
presents, as I consider, part of the Lingula Flag series ? Or is it 
to be at the base of the Tremadoc, where Olenus becomes rare, 
and is represented only by subgenera, and where new forms as 
Angelina, Ceratopyge, Cheirurus, Amphion &c. appear ? This 
is where M. Barrande draws it in his paper on the maintenance 
of the Silurian nomenclature of Murchison, and where Schmidt 
draws it in the Russian provinces ? Or is it to be drawn at the 
base of the Arenig rocks, as is done by British geologists ? Or 
lastly, shall we draw it at a still higher horizon where one of 
"the grandest zoological breaks in the whole Lower Palaeozoic 
series" occurs, viz. — *' between the Canadian and Trentonian of 
North America." Wherever we draw it, it will be of local sig- 
nificance only, and a proof of the extremely small value of 
palaeontological evidence used by itself in the classification of 
rock-groups. Surely the best thing to be done is not to draw it 
at all. Prof. Lapworth says : — " We shall best promote the in- 
terest of the man whose memory we venerate, by modeistly 
claiming for him as much, and no more, than truth and geologi- 
cal convenience will allow." 

In upholding the classification of Prof. Sedgwick in the fore- 
going pages I have tried to do this, and I see neither truth 
nor geological convenience in adopting any other classification 
than that which includes the rocks firom the base of the Harlech 
to the top of the Bala series in the Cambrian system, and the 
rocks from the base of the Valentian to the top of the Down- 
tonian series in the Silurian system. 
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The table appended gives the correlation of the rocks in 
those areas where the sequence has been more fully studied. 
The beds of France, Spain &c. are not inserted, as there seems 
to be some doubt as to whether certain beds should be included 
in the Bala series or not. At the same time by consulting the 
text the relationship of the deposits of those areas to the deposits 
of the areas which are included in this table may be readily 
found. 
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APPENDIX. 

/ 

The f bllowing tabular lists contain only the names ol those fossils 
which are mentioned in the foregoing pages. The first list is devoted 
to the foBiiis of the British Isles, and the second to those of the 
foreign strata ; this I considered a better arrangement than would 
have been the inclusion of all the fossils in one list, for many of ther 
foreign beds are, as previously mentioned, to be correlated only 
approximately with the British series. It must be distinctly 
understood that the species are generally recorded as occurring in 
those beds in which they are most abundant, but that in many cases 
the vertical ranges of the genera and species are by no means 
indicated by the tables. 

The fossils of the Leptaena limestone of Dalecarlia are placed in 
the Wenlock column : this correlation however is doubtful (ante p. 
80). Prof. F. Schmidt (Q, J, G. S. xxxviii. p. 524) correlates this 
limestone with his stage F. of the Baltic provinces of Hussia, — a 
stage corresponding with the higher Bala beds of Britain. 

TABLE I. British Fossils. 
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. FiiAMTAB et Imcebtae Sedis. 

Eophyton 

Oldhamia antiqua, Forbes 

radiata^ Forbes 

Spongariom interlineatum, McCoy 

Sub-kingdom, PKOTOZOA. 
Class. Amobfhozoa. 
Ischadites Eoenigi, March. 
Nidnlites favns, Salt. 
Frotospongia fenestrata, Salt. 
Stromatopora striatella, D'Orb. 
Tetragonis Danbyi, McCoy 
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Sub-kingdom. GOELENTEBATA. 
Class, Hydbozoa. 
Amphigraptus divergens, Hall 
Bryograptus Callavei, Lapw. 
Callograptus radiatos, Hopk. 

elegans, Hall. 

Calyptograptus ? plumosus, Lapw. 
Cephalograptus cometa, Gein. 
Climacograptas antennarius, HaU 

teretiuscolus, His. 

bicornis, Hall 

confertus, Lapw. 

coelatus, Lapw. 

normalis, Lapw. 

; perexcavatus, Lapw. 

rectangularis, McCoy 

— Scharenbergi, Lapw. 

tuboliferas, Lapw. 

Clathograptus cuneiformis, Lapw* 
Clonograptus 

Coenograptas gracilis, Hall 
Cyrtograptus Grayae, Lapw. 

Corrathersi, Lapw. 

Morchisoni, Carr. 

Dendrograptus furcatiila, Salt. 

fleznosns, Hall 

Dicellograptus anceps, Nich. 

caduceus, Lapw. 

elegans, Carr. 

Forchhammeri, Geia. 

moffatensis, Carr. 

sextans, Hall 

Dichograptos octobrachiatus. Hall 
Dicranograptus ramosus, Hall 
Clingani, Carr. 

formosus, Hopk. 

Nicholsoni, Hopk. 

Dictyonema delicatalum, Lapw. 
Homfrayi, Hopk. 

sociale. Salt. 

venustum, Lapw. 

retiformis, Hall 

Diplograptus acuminatus, Nich. 

angostofolius, Hall 

confertas, Lapw. 

dentatus, Brong. 

euglyphus, Lapw. 

foliacens, Murch. 

folium, His. 

Hughesii, Nich. 

modestus, Lapw. 

mucronatus, Hall 






g 

S 






I 



# 






8 

^ 

5 






# 
# 



# 
# 
# 
# 
# 



# 
# 



# 



# 
# 
# 



# 
# 



# 
# 



# 
# 



# 



# 

• • • 



# 
# 



# 



# 
# 



# 
# 
# 
# 
# 



# 
# 



# 



I 






# 
# 



i 

o 



I 

g 

I 

o 



# 
# 



# 



# 
# 



# 



124 



APPENDIX, 



Diplograptns palmeus, Barr^ 

— pristis, His. 

quadrimucronatus, Hall 

sinnatns, Nich. 

— socialis, Lapw. 

— tamariscus, Nich. 

. triconiis, Carr. 

truncatus, Lapw. 

vefiiculosus, Nich. 

Whitfieldi, Hall 

Didymograptus bifidus, Hall 

divaricatus, Hall 

extensas, Hall 

gexninus, His. 

indentus, Hall 

Morchisoni, Boeck 

nitidas, Hall 

— patulns, Hall 

pexmatulus, Hall 

serratulus, Hall 

superstes, Lapw. 

V-fractas, Salt. 

Glossograptus ciliatus, Emm. 

— Hincksii, Hopk. 

IdiograptuB margaritatus, Bronn 
Lasiograptus Harknessi, Nich. 
Leptograptus flaccidus, Hall 
Loganograptus Logani, Hall 
Monograptas argutus, Lapw. 

attenuatus, Hopk. 

Becki, Barr. 

bohemicas, Barr. 

Clingani, Carr. 

. colonns, Barr. 

— cyphus, Lapw. 

■ exiguus, Nich. 

fimbriatus, Nich. 

. galaensis, Lapw. 

gregarius, Lapw. 

HaUi, Barr. 

Hisingeri, Carr. 

intermedins, Carr. 

— — involutus, Lapw. 

leptotheca, Lapw. 

■ — - leintwardinensis, Hopk. 

lobiferus, McCoy 

priodon, Bronn 

— proteus, Barr. 

. Boemeri, Barr. 

riccartonensis, Lapw. 

runcinatus, Lapw. 

Sedgwicki, Portl. 
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Monograptus spiralis, Gein. 

tenuis, Portl. 

turriculatus, Barr. 

Yomerinas, Nich. 

Odontocauiis Eeepingi, Lapw. 
Phyllograptus angnstifolius, Hall 

Anna, Hall 

Stella, Hopk. 

typus, Hall 

Pleurograptus linearis, Garr. 
Protovirgularia dichotoma, McCoy 
Bastrites fugax, Barr. 

maximus, Garr. 

peregrinus, Barr. 

triangulatus, BUirkn. 

Betiolites fibratus, Lapw. 

Geinitzianus, Barr. 

perlatuB, Nich. 

Bhizograptus? digitatus, Lapw. 
Tetragraptus bryonoides, Hall 

• cmcifer. Hall 

Headi, Hall 

qnadribrachiatus, Hall 

serra, Brong. 

Trigonograptus lanceolatus, Nicbi^ 
ensifonuis. Hall 

Class, ACTIMOZOA. 

Choetetes petropolitana, Pandej: 
Eayosites alveolaris, Goldf. 
fibrosa, Goldf. 

Gothlandica, Linn, 

Haly sites catenularius, Linn. 
Heliolites interstincta, Wahl. 

megastoma, McCoy 

petaUiformis, Lonsd^ 

tabulata, Lonsd. 

Lindstroemia sabdaplicata, McCoy 
Nebulipora lens, McCoy 
Omphytna turbinata, Linn. 
Petraia bina, Lonsd. 

elongata, Phill. 

rugosa, Phill. 

iiniserialis, McCoy 

Phyllopora Hisingeri, McCoy 
Streptelasma? aequisulcatum, McCoy 
Syringophyllmn organam, Linn. 

Sub-kingdom. ANNULOn)A. 

Class, ECHINODEBMATA. 

Actinocrinns pulcher, Salt. 
Caryocystites Davisii, McCoy 
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Crotalocrmns rngosns, Mill. „. . 
Echino'sphaerites balticus, Eichw. ... . 

granatnm, Wahl. ... . 

Glyptocrinns basalis, McCoy ... . 
Ichthyocrinus MaoGoyanuB, Salt. ... . 
Palaeaster hirudo, Forbes ... . 

obtiiRUB, Forbes ... . 

Buthveni, Forbes ... . 

Palasterina primaeya, Forbes ... . 
Periechocrinns moniliformis, Mill. ... . 
Plenrocystites Bugeri, Salt. ? ... . 
Protaster Miltoni, Salt. ... . 
Psendocrinites qnadrifasoiatus, Pearce ... . 
Sphaeronites stelloliferus, Salt. ... . 
Taxocrinns Orbignyi, McCoy ... . 

tesseraoontadactylus, His 

Class, Annelida (and yarioas tracks). 
Arenicolites didymus, Salt. # 

sparsus, Salt. # 

CrosBopodia scotica, McCoy ... . 
Cmziana semiplicata, 3alt. ... . 
Haughtonia poecila, Einahan # 
Histioderma hibemica, Einahan # 
Myrianites MacLeayi, March. ... . 

tenuis, McCoy ... . 

Nereites Sedgwicki, Murch. ... . 
Palaeochorda major, McCoy ... . 
Soolecoderma antiqnissima, SaU, ... . 
Serpnlites longissimas, Salt. ... . 
Tentaculites anglicas, Salt. ... . 

omatus, Sow. ... . 

Sulhkingdom. ANNULOSA. 
Class. Cbustacea. 
Acidaspis Brightii, Murch. ... . 
crenatus, Emmr. ... . 
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Hughesii, Salt. ... . 

^glina binodosa, Salt. ... . 

caliginosa, Salt. 

grandis. Salt. ... . 

Hughesii, Hicks ... . 

maior. Salt. 


- -- obtuaicaudata. Hicks 


Agnostns hirundo, Salt. ... . 
MacCoyi. Salt. ... . 

Morei, Salt. ... . 

m. . T>rinceT)8. Salt. ^ 


reticulatufl. Am?. jJ 


trisectus, Salt. ... . 

.. . trinodns. Salt. 
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Ampyz nudus, Murch. 

rostratus, Bars 

Boualtii, Barr. 

Salteri, BLicks 

tumidus, Forbes 

Angelina Sedgwicki, Salt. 
Anopolenus Henrici, Salt. 
Arionellus longicephalus, Hicks 
Asaphus affinis, McCoy 

gigas, DeKay 

Homfrayi, Salt. 

Powisii, Murch. 

tyrannus, Murch. 

Barrandea Gordai, McCoy 

' — Homfrayi, Hicks 

Beyrichia complicata, Salt. 

Eloedeni, McCoy 

Btrangulata, Salt. 

Calymene Blumenbachii, Brong. 

'■ duplicata, Murch. 

breyicapitata, Portl. 

panrifrons, Salt, 

parvifronsvar.Murchisoni^Salt. 

senaria, Conrad 

Trlstani, Brong. 

tuberculosa, Salt. 

Caryocaris Wrightii, Salt. 

Marrii, Hicks 

Ceratiocaris inomatus, McCoy 

Murchisoni, McCoy 

papilio, Salt. 

robustus, Salt. 

solenoides, McCoy 

stygius, Salt. 

? latus, Salt. 

? insperatus, Salt. 

Cheirurns bimucronatus, Murch. 

cancrurus, Salt. 

Frederici, Salt. 

juvenis, Salt. 



Sedgwickii, McCoy 
Conocoryphe depressa, Salt. 

solvensis, Hicks 

variolaris, Salt. 

verisimilis, Salt. 

Conocoryphe? (Acerocare) ecome, Ang. 
Conophrys salopiensis, Call. 
Ctenopyge (Olenus) flagellifera, Ang. 
Cybele Loveni, Linnarsson 

ovata, Ether. 

rugosa, Portl. 

Cyphaspis megalops, McCoy 
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Cyphoniscus socialis, Salt. 
Gythere umbonata, McCoy 
Dictyocaris Slimoni, Salt. 
Dikellocephalas cdticus, Salt. 

furca, Salt. 

Dindymene Gordai, Nich. and Eth. 
Dionide atra, Salt. 
Discinocaris Browniana, Woodw. 
Enorinaras pnnctatas, Brtiimich 

yariolaris, Brong. 

Erinnys venulosa, Salt. 
Euloma? monile, Hall 
Enrypterus lanceolatus, Salt 
Harpes Doranni, Portl. 

Flanagan!, PortL 

Holocephalina primordialis, Salt. 
Homalonotus bisalcatus, Salt. 

delphino-cephalus, Green 

Hymenocaris yermioanda, Salt, 
nioenopsis ? acuticauda, Hicks 
Illoenus Barriensis, Murch. 

Bowmanni, Salt. 

Dayisii, Salt. 

Hoghesii, Hicks 

perovalis, Murch. 

Bosenbergi, Eichw. 

Leperditia Gambrensis, Hidka 
Lichas anglicns, Beyr. 

bulbiceps, Hall 

hibemicus, Portl. 

laxatuB, McCoy 

Lingnlooaris lingulaecomes, Salt. 
Microdiscus punctatus, Salt. 
Neseuretus ramseyensis, Hicks 
Niobe Doveri, Ether. 

Homfrayi, Salt. 

menapiensis, Hicks 

solvensis, Hicks 

Ogygia Buchii, Brong. 

peltata, Salt. 

scntatrix, Salt. 

Selwynii, Salt. 

OlenuB alatns, Boeck 

cataractes, Salt. 

mioruros, Salt. 

Salteri, Call. 

scaraboeoides, WahL 

Palaeopyge Bamsayi, Salt. 
Parabolina (Olenus) spinulosa, Wahl. 
Paradoxides aurora, Salt. 

Davidis, Salt. 

Harknessi, Hicks 
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Paradoxides solvensis, Hicks M. S. 
Peltocarifi anatina, Salt. 


Phacopg apiciilatus, Salt. 

brevispina, F. Schmidt 

Brongniartii, Portl. 

caudatus, Brong. 

caudatiiH var. cormgatus, Salt. 

conicophthalma, Boeck 

Dowuingiae, Murch. 

Eichwaldi, F. Schmidt 

elegans, Boeck and Sars 

eucentra, Ang. 


llanvimensis, Hickn 

Nioholsoni, Salt. 

obtiiflicaudatus, Salt. 

Stokesii, M. Edw. 

torvus, Edgell M. S. 

— - tmnr^ntn ftfliirlfttiifl Portl 


Placoparia cambrensis, Hicks 
Plutonia SedgwicM, Hicks 
Proetus latifrons, McCoy 

Stokesii, Murch. 

Psilocepl^alus inflatus, Salt. 

innotatus, Salt. 

Pteiygotus arcuatus, Salt. 

Banksii, Salt. 

bilobatns, Salt. 

peromatus, Salt. 

problematicus, Ag. 

Bemopleurides dorso-spinifer, Portl. 

Colbii, Portl. 

radians, Barr. 

Slimonia acuminata, Salt. 

punctata, Salt. 

Sphaerexochus mirus, Beyr. 

calvus, McCoy 

Staurocephalus clavifrons, 'Ang. 

globiceps, Portl. 

' unicus, Wyv. Thom. 

Stygina latifrons, Portl. 
Trinucleus concentricus, Eaton 
Gibbsii, Salt. 

Lloydii, Murch. 

Murchisoni, Salt. 

Bamsayi, Hicks 

seticomis. His, 


Turrilepas Wrightianus, De Kon. 
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Sub-kingdom. MOLLUSCA. 
Class, Brachiopoda. 
Athyris obovata, Sow. 
Atiypa hemisphaerica, Sow. 

imbricata, Bow. 

marginalis, Dalm. 

reticularis, Linn. 

Chonetes lata, Yon Bnch 
Cyrtia exporrecta, Wahl. 
Discina caerfaiensis. Hicks 

rugata, Sow, 

Eutorgina cingolata, Billings 
Leptaena qninqnecostata, McCoy 
scissa, Salt. 


trnnflvprnnlifl WnTil 


Lingul|k brevis, Portl. 

canadensis, Billings 

cornea. Sow. 

Lewisii, Sow. 

ovata, McCoy 

tenuigrannlata, McCoy 

Lingxdella Davisii, McCoy 

lepis, Salt. 

— primaeva. Hicks 

Meristella crassa, Sow. 


1 tumida, Dalm. 
Obolella plmubea, Salt. 
Orthis actioniae, Sow. 

alata, Sow. 

altemata, Sow. 

biforata, Schloth. 

biloba, Tiinn. 

calligramma, Dalm. 

carausii, Salt. 

confinis, Salt. 

elegantula, Dalm. 

fallax, Salt. 

flabellulnm, Sow. 

himantensis, McCoy 

insularis, Eichw. 

lenticularis, Dalm. 

Innata, Sow. 

menapiae, Hicks 

monilifera, McCoy 

plicata. Sow. 

porcata, McCoy 

protensa, Sow. 

reversa, Salt. 

sagittifera, McCoy 

spiriferoides, McCoy 
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OrthiB testudinaria, Dalm« 

turgida, McCoy 

vespertilio, Sow. 

Pentamerus galeatus, Dalm. 
— globosus, Sow. 

Knightii, Sow. 

Knightii var. elongatufl 

— linguifer, Sow. 

obloncniH. Sow. 
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undatus, Sow. 

Betzia Barrandei, Dav. 
Rhynchonella borealis, Schloth. 

— — cnneata, Dalm. 

navicula, Sow. 

— nuciila, Sow. 

Portlockiana. 

Wilsoni, Sow. 

Siphonotreta micula, McCoy 
Spirifera elevata, Dalm. 

plicatella, Lmn. 
Strophomena antiquata, Sow. 
arenacea. Salt. 
corrugatella, Dav. 

depressa, Dalm. 

euglypha, His. 

. exDansa. Sow. 


filosa, Sow. 


pecten, Linn. 

rhomboidalifl, Wahl. 

siluriana, Dav. 

Stricklandinia lens, Sow. 

lirata, Sow. 

Trematis corona, Salt. M.S. 

Class, CONCHIVEBA. 

Ambonychia striata. Sow, 

transversa, PortL 

Area Edmondiiformis, McCoy 
Aviciila Danbyi, McCoy 

mira, Barr. 

Cardiola interrupta, Broderip 

striata. Sow. 

Ctenodonta anglica, D'Orb. 

' — Hughesii, Salt 

— — menapiensis. Hicks 

obliqua, Portl. 

Glyptarca primaeva, Hicks 
Grammy sia cingulata, His. 
Modiolopsis ezpansa, Portl. 
modiolarifl, Conrad 
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Modiolopsis ramseyensis, Hicks 
Mytilus mimus, Salt. 

mytilimeris, Conrad 

fliTTiillimiR, McCoy 

Orthonota amygdalina, Sow. 
trnncata. McOov 




Palaearca socialis, Salt. 
Pterinea demissa, Conrad 

retroflexa, Wahl. 

snbfalcata, Conrad 

... ■■ Sowerbvi. MoCov 




Bedonia anglica, Salt. 
Bibeiria complanata, Salt. 

Class Gastebopoda. 
Acrocnlia euomphaloides, McCoy 

haliotis, Sow. 

Cydonema corallii, Sow. 
orebristria, McCoy 

trimarcrin«.liR- Eichw. 




Euomphalus fonatus, Sow. 

rugosus, Sow, 

Bculptus, Sow. 

Holopea concinna, McCoy 
Holopella gracilior, McCoy 

gregaria, Sow. 

Macrocheilus pupa, Salt. 
Murchisonia angtdata, Sow. 

Lloydii, Sow. 

sulcata, McCoy 

■ torfliiAta. McCov 




Ophileta compacta, Salt. 
Patella Satumi, Goldf. 
Platyschisma helicites, Sow. 
Pleurotomaria balteata, Phill. 
Bechei. 

Class. Hetebopoda. 
Bellerophon arfonensis, Salt. 

dilatatus, Sow. 

ftT'Pfl.'nflTifl Row. 




multistriatus, Salt. 

perturbatus, Sow. 

— — ramseyensis. Hicks 

shinetonensis, Call. 

trilobatus, Sow. 

— — ventriculus 

wenlockensis, Sow. 

Maclurea Logani, Salt. 
Peachii, Salt. 
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Class, Pteropoda. 
Conularia corium, Salt. 

Homfrayi, Salt. 

llanvimensis, Hicks 

. margaritifera, Salt. 

Sowerbyi, Defr. 

Pterotheca corrugata, Salt. 
Theca arata, Salt. 
. bijugosa, Salt. 

corrugata, Salt. 

Harknessi, Hicks 

lineata, Call. 

operculata, Salt. 

vaginula, Salt. 

Class. Cephalopoda. 
Cycloceras ibex, Sow. 
Cyrtoceras sonax, Salt. 
Gomphoceras pyrifonne, Sow. 
Lituites ibex, Sow. 
Orthoceras araneosum, Barr. 

angulatum, Wahl. 

— Avelinii, Salt. 

■ — - baculoides, Blake 

bullatum, Sow. 

dimidiatum. Sow. 

darinom, Blake 

elongato-cinctum, PortL 

. • Kendalense, Blake 

— ■ ludense, Sow. 

Maclareni, Salt.? 

■ mendax. Salt. 

— originale, Barr. 

perelegans, Salt. 

— pertinens, Blake 

primaevum, Forbes 

recticinctum, Blake 

sericeum, Salt. 

teriuicinctum, Portl. 

— tracheale, Sow. 

— undulo-cinctum, Blake 

'vagans, Salt. 

Phragmoceras ventricosum, Sow. 
Trochoceras cornu-arietis. Sow. 
giganteum, Sow. 

Sub-kingdom, VERTEBRATA. 
Class. Pisces. 
Onchns tenuistriatus, Ag. 
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Plantae et Incebtae Sedis. 

Arthrophycus Harlani, Hall 
Chondrites antiqnissimus, Eichw. 
Circolina bohemica, Barr. 
Eophyton Linneanom. 
Fucoides hostinensis, Barr. 
Laminarites antiquissunas, Eichw. 
Lepidodendron sp. 

Sub-kingdom, PEOTOZOA. 
Class, Amobphozoa. 
Ischadites bohemica, Barr. 


Nidnlites favas, Salt. 
Tetragonis Murchisoni, Eichw. 

Sub-Ungdxm. COELENTERATA. 
Class, Hybbozoa. 
Bryograptus Kjerulfi, Lapw. 
Cephalograptus cometa, Gein. 
Clo.nograptu8 rigidus, Hall 
Cyrtograptus Carruthersi, Lapw. 
Grayae, Lapw. 


Lundgreni, Tullb. 

Murchisoni, Carr. 




? spiralis, Gein. 

Dicellograptus anceps, Nich. 

elegans, Carr. 

Climacograptus bicornis, Hall 

normalis, Lapw. 

Bcalaris, His. 


Dichograptus octobrachiatus, Hall 
• tenellus, Linnrs. 

Dicranograptus Clingani, Carr. 
ramosus, Hall 

Dictyograptus (Dictyonema) 

Dictyonema flabelliforme, Eichw. 

Didymograptus aflSnis, Nich.? 
bifidus, Hall 


minutus, Tomq. 

Suessi, Barr. 

Dimorphograptus ep. 
Diplograptus estonus, Schmidt 
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Diplograptus foliacens, Murch. 

folium, Barr. 

Hughesii, Nich. 

mucronatus? 

palmeus, Barr« 

pristis, His. 

Glossograptns Hincksi, Hopk. 
Graptolithas? avus, Barr. 
Loganograptns Logani, Hall 
Monograptus Becki, Barr. 

— bohemicus, Barr. 

Clingani, Carr. 

clintonensis, Barr. 

colonus, Barr. 

convolutus, His. 

oonvolutus var. Goppingeri, 

Eth. 

crispus, Lapw. 

cultellus, Tomq. 

cyphns, Lapw. 

dubius, Suess. 

fimbriatus, Nich, 

Flemingii? 

gregarius, Lapw. 

Hisingeri, Carr. 

jaculum, Lapw. 

Linnarssoni, Tullb. 

lobiferus, McCoy 

Nilssoni, Barr. 

nodifer, Tdrnq. 

priodoD, Bronn. 

• rhynchophorus, Linnrs. 

riccartonensis, Lapw. 

Boemeri, Barr. 

runcinatus, Lapw. 

^ Bcanicus, Tullb. 

Sedgwicki, Portl. 

spinigerns, Nich. 

testis, Barr. 

triangulatus, Harkn. 

'■ — turriculatus, Barr. 

uncinatus, Tullb. 

vomerinus, Nich. 

Phyllograptus angustifoUus, Hall 

densus, Tomq. 

typus, Hall 

Bastrites Linnaei, Barr. 

maxixnus, Carr. 

peregnnus, Barr. 

Betiolites Geinitzianus, Barr. 
Tetragraptus bryonoides, Hall 

quadribrachiatus, Hall 
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Beyrichia compUcata, Salt. 
Kloedeni, McCoy 

strangulata, Salt. 

sp. 

Bronteus Brongniartii, Barr. 

canadensis, BilL 

Hawlei, Barr. 

laticauda, WahL 

lunatns, BilL 

planus, Corda 

signatus, Phil. 

nmbellifer, Barr. 

Bumastus (Illaenus) BarriensiB, March. 
Calymene Arago, Roualt 

Blomenbadtdi, Brong. 

incerta, Barr. 

interjecta, Barr. 

senaria, Conr. 

Tristani, Brong. 

Geratiocaris bohemicus, Barr. 

tardus, Barr. 

Ceratopyge forficula, Sars 
Cheirorus clavifrons, Dalm. 
claviger, Beyr. 

• conformis, Ang. 

exsul, Ang. 

gibbus, Beyr. 

— ■ globosus, Barr. 

Icarus, Bill. 

insignis, Beyr. 

pleurexanthemus, Green 

• pseudoheroicranium, Nieszk. 

speciosuB, His. 

■ Sternberg!, Boeck 

Conocoryphe Adamsi, Bill. 

Baileyi, Hartt 

• coronatus, Barr. 

Dalmanni, Ang. 

Matthewi, Hartt 

minor, Shumard 

omatus, Barr. 

Eibeiro, Barr. 

Eobbi, Hartt 

striatus, Barr. 

Sulzeri, Schloth. 

Conophiys (Shumardia?) pusilla, Sara 
Cybele brevicauda, Ang. 

Kutorgae, Schmidt 

rex, Nieszk. 



verrucosa, Dalm. 






Cyphaspis elegantulus, Lov. 
Cytheropsis ooncinna, Jones 
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Dalmannites Boclalis, Barr. 


Darwinia speoiosa, Dybowski 
Deiphon Forbesi, Barr. 

laevis, Ang. 

Dikellocephalus dicraeura, Ang. 

magnificns, Billings 

megalops, Bill. 

Oweni, Bill. 


Dindymene Frederici-Augusti, Ban. 
Dionide formosa, Barr. 
Discinocaris Bronniana, Woodw. 
Ellipsocephalus Hoffi, Schloth. - 
Encrinurus laevis, Ang. 

multisegmentatus, Portl. 

punctatuB, Briinnioh 

Seebachi, Schmidt 


Erinnys (Harpides) Grimmi, Barr. 

( ) rugosa, Sars & Boeck 

Euloma laeve, Ang. 

omatum, Ang. 

Eurycare camuricome, Ang. 
EurypteruB Fischeri, Eichw. 

remipes, Dekay 

Harpes antiquatus, Barr. 

venulosuB, Barr. 

Wegelini, Ang. 

Hemiaspis rugosus, Nieezk. 
HomalonotuB delphinocephalas, Green 

mediiiB, Barr. 


. — .. .. rliinotrmiifl Ancr 


Hydrocephalus carens, Barr. 
Illoenus advena, Barr. 
Bowmanni, Salt. 

Conradi, Bill. 

crassicanda, VVahl. 

giganteus, Burm. 

globosus, Bill. 

Katzeri, Barr. 

limbatus, Linnrs. 

Panderi, Barr. 

Boemeri, Volb. 

Schmidti, Volb. 
Volborthi 

Isocolns Sjoegreni, Ang. 
Leperditia Angeliiii, Schmidt 

Keyserlingi, Schmidt 

Schmidti, Eolm. 

Lichas celorhin, Ang. 
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Lichas dalecarlica, Ang. 

Haueri, Barr. 

laxatus, McCoy 

margaritifera, Nieszk. 

palmata, Barr. 

Liostracus aculeatus, Ang. 
Megalaspis limbata, Ang. 

planilimbata, Ang. 

Heros, Dalm. 

Microdiscus 

Nileus armadillo, Dalm. 
Niobe frontalis, Dalm. 
Ogygia Desmaresti, Brong. 

desiderata, Barr. 

Olenus gibboBUS, Wahl. 

troncatus, Bronn. 

Parabolina spinulosa, Ang. 
Peltora scaraboeoides, Wahl. 
Paradoxides Bennetti, Salt. 

bohemicus, Barr. 

Davidis, Salt 

Forchhammeri, Ang. 

lamellatus, Hartt 

pradoanns, Barr. 

spinosus, Boeck. 

Tessini, Brong. 

(Olenellus) Kjerulfi, Linnrs. 

( ) Thompsoni, Hall 

( ) Yermontanus, Hall 

Phacops atavus, Barr. 

Bebryx 

buooulenta, Sjogr. 

callicephalus. Hall 

candatus, Brong. 

conicophthalma, Boeck. 

DowningisB, March. 

Dujardini, Bonalt 

Eiohwaldi, Schmidt 

elegans, Boeck and Sars 

euoentra, Ang. 

fecundus, Barr. 

limolorus. Hall 

maxima, Schmidt 

mucronata, Brong. 

Odini, Eichw. 

Odini, var. Itferensis 

proaevns, Emmr. 

socialis, Vem. 

Volborthi, Barr. 

Wesenbergensis, Schmidt 

PhilUpsia parabola, Barr. 
Placoparia grandis, Barr. 
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Placoparia Toumemini, Boualt 

Zippei, Barr. 

Primitia brachynota, Schmidt. 
Proetus Alaricus, Bill. 

bohemicas, Barr. 

brevifrons, Vem. 

concinnuB, Dabn. 

* latifrons, Nieszk. 

lepidus, Barr. 

ramisuloatus, Nieszk. 

snperstes, Barr. 

Pterygotus expectatus, Barr. 
Ptychopyge lata, Ang. 
Bemopleurides radians, Barr. 

sp. 

Sao hirsuta, Barr. 

Selenopleura brachymetopa, Ang. 

Sphaerexochus angustifrons, Ang. 

latens, Barr. 

minis. Bfivr. 


, narviiH. Bill. 


ultimns, Barr. 
Sphaerocoryphe sp. 
. granulata, Ang. 
Sphaerophthalmiis (Olenus) alatus, Boeck 
Stanrocephalns clavifrons, Ang. 

■ Murchisoni, Barr. 

TelephuB fractus, Barr. 
^^— ^ Wegeliiai, Ang. 
Triarthrus Becki, Green 
Trinuclens concentricus Eaton (= oma- 
tus, Barr.) 

Goldfussi, Barr. 

Poncerardi Roiialt 


Beussi, Barr. 

, seticomis, His. 

Wahlenbergi, Boualt 

Turrilepas bohemicas, Barr. 

delicatulus, Barr. 

fratemus, Barr. 

follionlum, Barr. 

Sub'Ungdom. MOLLUSCA. 

Class, POLYZOA. 

Yincularia megastoma, Eichw. 

Class, Bbachiopoda. 
Athyris borealis, Bill. 
Headi, Bill. 

• naviformis, Hall? 

? Portlockiana, Dav. 

Atrypa altijugata, Lindstr. 
■ hemisphaerica, Sow. 
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Alr^'pa imbricata, Dalm. 

■ maiginalis, Dalm. 

■ obovata, Sow. 

• reticularis, Linn. 

Sappho, Barr. 

Camerella angulosa, Tomq. 


— longirostra, Bill. 

Panderi, Bill. 


Volborthi Bill 


Chonetes hostinensis, Barr. 

^-^ . minimus, Sow. 

■ noTellus, Barr. 

— striatella, Dalm. 

Dinobolus Davidsoni, Salt.- 

• Schmidti, Dav. 

Kutorgina cingulata, Bill, 
Leptaena aquila, Barr. 

■ Lewisii 

nuntia, Barr. 


Schmidti, Tomq. 


■ ~ transversalis, VVahl. 

Lingula acuminata, Gonr. 

antiqua, Ha,ll 

■ canadensis, BUI. 


■ cuneata, Hall 
. Eva, Bill. 

■ Feistmanteli, Barr. 

- TiTrrlli "Rill 


.. Mantelli, Bill. 




Lingulella prima, Conr. 

— cf. prima, Conr. 

— cf. Davisii, McCoy 

Meristella crassa, Sow. 
Herculea, Barr. 


Obolella sagittalis, Salt. 

? nitens, His. 

Obolus ApolliniR, Eichw. 

siluricus, Eichw. 

? monilifer, Linnrs. 

Orthis actoniae. Sow. 

argentea, His. 

Berthoisi, Eonalt 

biforata, Schloth. 
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Orthis bohemica, Barr. 

borealis, Bill. 

Bouchardi, Vem. 

callactis, Dalm. 

calligramma, Dalm. 

concinna, Lindstr. 

Davidsoni, Vem. 

desiderata, Barr. 

elegantola, Dalm. 

hybrida, Sow. 

insularis, Eichw. 

lenticularis, Dalm. 

Innata, Sow. 

lynx, Eichw. 

nodulosa, Lindstr. 

occidentalis, Hall 

parra, Pander 

porcata, McCoy 

Porcia, Billings 

Boemingeri, Barr. 

redux, Dav. 

rustica, Eichw. 

subquadrata, Salt. 

testudinaria, Dalm. 

vespertilio, Sow. 

Orthisina adsoendens, Pander 

concava, Pahlen 

festinata, Billings 

grandaeva, Bill. 

plana, Pand. 

Schmidti, Pahl. 

Vemeuili, var. Wesenbergensis, 

PahL 
Pentamems borealis, Eichw. 
galeatus, Dalm. 

Enightii, Sow. 

linguifer, Sow. 

oblongus, Sow. 

occidentalis, Hall 

Ooppingeri, Eth. 

Porambonites aequirostris, Pand. 

gigas, Schmidt 

Bibeiro, Sharpe 

teretior, Eichw. 

ventricosa, Kutorga 

Betzia Barrandei, Day. 

Salteri, Dav. 

vesta, Barr. 

Bhynchonella borealis, Schloth. 

canaUculata, Dalm. 

capax, cour. 

cuneata, Dalm. 
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Bhynchonella Megaera, Barr. 

navicula, Sow. 

nucella, Dalm. 

nncula, Sow. 

plena, Hall 

reonrvirostria, Hall 

Saffordi, Hall 

Wilsoni, Sow. 

Siphonotreta 

unguiculata, Eichw. 

Spirifer crispus, Dalm. 

elevatus, Dalm. 

faloo, Barr. 

infirmus, Barr. 

macroplenra, Com?. 

Nerei, Barr. 

rugaecosta, Hall 

trapezoidalis, Dalm. 

Stricklandinia lens, Sow. 

firt 


Strophomena arachnoidea, Tdmq. 

« corrugatella, Dav. 

deltoidea, Conr. 

depressa, Dalm. 

englypha, Sow. 

expansa, Sow. 

folinm, Barr. 

; luna, T(5mq. 


ofnatella, Salt. 

pecten, Linn. 

rhomboidalis, VVahl. 


siluriana, Dav. 

Class. CONCHIFEBA. 

Ambonychia corrugata, Lindstr. 
Anadontopsis cf. angnstifrons, McCoy 
Avicala decipiens, Barr. 

demissa, Conr. 

elliptica, Conr. 

grandis, Barr. 

naviformis, Conr. 

subplana, Hall 

Cardiola interrupta, Brod. 

of. tenuistriata 


Conocardium Blumenbachii, Bill. 
Ctenodonta astartiformis, Salt. 
Dolabra cf . obtusa, McCoy 
Goniophora carpomorpha, Dalm. 
cymbaeformis, Sow.? 
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Grammysia oingnlata His. 

oingnlata var. triangulata, 

Salt. 

rotundata, Sow. 

Isocardia potens, Barr. 
Lunulicardium bohemiciun, Barr. 
Megalomus canadensis, Hall 
Modiolopsis oarinata, Hall 

modiolaris, Conr. 

platyphylla, Salt. 

Nnoula bohemica, Barr. 

An 


Pterinea retroflexa, His, 
Bedonia bohemica, Barr. 

Deshayesiana, Vem. 

Bibeiria pholadiformis, Sharpe 
— — Sharpei, Barr. 
Vanuxemia Montrealensis, Bill. • 

Class, Gastebopoda. 
Acroculia Niagarensis, Hall 
Capulus elegans, Barr. 
Chiton bohemioas, Barr. 
Cyclonema angulosum, Lindstr. 

bilix, Conr. 

, . Hallinnn Rait 


Eunema carinatum, Lindstr. 
dalecarlicum, Lindstr. 

Erigone, Bill. 

Euomphalus funatus, Sow. 

■ obtusangulus, Lindstr. 

■ soulptus, Sow. 

Holopea concinna, McCoy 

- Guelphensis, Bill. 
Loxonema Gaspensis, Bill. 
Murchisonia cingulata, His. 

— ^— gracilis, Hall 

macrospira, Hall 

' Nieszkowskii, Schmidt 

simulatrix, Bill. 


Ophileta compacta, Salt. 
Pilidion bohemicnm, Barr. 
1 fastigiatum, Barr. 
Platyceras comutmn, His. 
Platyostoma harpa, Lindstr. 
Platyschisma helicites, Sow. 
Pleurotomaria calyx, Bill. 

elliptioa, His. 

solaroides, Hall 


Sobulites gigas, Eichw. 
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Suboliteg elongatna, Gonr. 

of. imibi]ioattt, HaU 

Triblydium of. unguis, LindBtr. 

Tflibo atriatae, Sow. 

Ola$$. ESTSBDPODI. 

bilobattts, Sow. 

, — — ■ bohemiouH, Barr. 

helii, Eiohw. 

Logani, Salt. 

Nomwiii 

Clou. PmtopoDi. 
Theoa (HyoUtes) prima, Barr. 

Clan. Cbshalopoiu. 

Mttrolusoni, Ban, 

Conoceras prepoabsnuu, Borr. 

CyrtooerM aequale, Barr. 

sa."Si. 

Diwooeras oonTolvens, His. 
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plebeins, Barr. 

Igooaraa enonna, LiniUtr. 


litniw, MonU. 

NantUuB Tetnatiu, Barr. 
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Orthoceras Becki, Hall 

bohemioum, Barr. 

canaliculatum, Sow. 

commune, WaJil. 

conicmn, His. 

crebriseptum, Hall 

. dulce, Barr. 

duplex, Wahl. 

equisetum, Barr. 

fenestratum, Eiohw. 

funiforme, Ang. 

importunum, Barr. 

laqueatum, Hall 

leptaenarum, Ang. 

. originale, Barr. 

pseudo-oalamiteum, Barr. 

. redux, Barr. 

Schmidti, Boll. 

— seps, Eiohw. 

styloideum, Barr. 

snbannulare, Miinst. 

. turrifl, Ang. 

' undulato-zonatum, Ang. 

vaginatum, Sohloth. 

vertebrale, Eichw. 

WegeHni, Ang. 

Piloceras canadense, Bill. 

Wortheni, Bill. 

Phragmooeras Broderipi, Barr. 
Troohooeras oomu-ariet}s, Sow. 

tardum, Barr. 

— — ^— . transiens, Barr. 

Sub-kingdom. VERTEBRATA. 
Class, PiBOES. 
Asteraoanthus bohemious, Barr. 
Goccosteus Agassizi, Barr. 
— — .- primus, Barr. 
Gheiracanthus bohemious, Barr. 
Gtenacanthus bohemious, Barr. 
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CAMBKIDGE : PklWTKD BT 0. J. CLAT, M.A. & SON, AT THE UKIVBESIiy PfiESS. 



February 1883. 

A CLASSIFIED LIST 

OF 

EDUCATIONAL WORKS 

FUBLIBHED BT 

GEORGE BELL & SONS. 



Full Catalogues will be sent post free on application. 



BIBLIOTHECA CLA88ICA. 

A Series of Greek and Latin Authors^ with English Notes, edited by 

eminent Scholars, Svo, 

iBsohyluB. By F. A. Paley, M.A. ISs, 

Cioero'B OratlonB. By G. Long, M. A. 4 toIs. l&8„lis.tl^.flS8, 

Demosthenes. By B. Whiston, M.A. 2 vols. 16«. eaoli. 

Euripides. By F. A. Faley, M.A. 3 vols. 16«. each. 

Homer. By F. A. Paley, M.A. Vol. 1. 12*. ; Vol. II. lis, 

Herodotus. By Bev. J. W. Blakesley, B.D. 2 yols. S2s, 

Heslod. By F. A. Paley, M.A. 10s, Qd. 

Horace. By Bey. A. J. Madeane, M.A. IQs, 

JuYenal and Persius. By Bev. A. J. Madeane, M.A. 12s, 

Plato. By W. H. Thompson, D.D. 2 vols. Is, M, each. 

Sophocles. Vol. I. By Bey. F. H. Blaydes, M.A. ISs, 

Vol. n. Philootetes. Electra. Ajax and Trachiniae. By 

F. A. Paley, M.A. 12$. 

Tacitus : The Annals. By the Bev. P. Frost, lbs. 

Terence. By £. St. J. Pany, M.A. IBs. 

Virgil. By J. Gonington, M.A. 3 yols. lis, each. 

An Atlas of Classical Geography; Twenty-four M£^s. By 

W. HtijBrlieB and Geoi^e Long, M.A. New edition, with coloured Outlines. 
Imperial 8yo. 128. Qd. 

Uniform toith above. 
A Complete Latin Grammar. By J. W. Donaldson, D.D. 3rd 

Bdition. 14«. 

GRAMMAR-SCHOOL CLASSICS. 

A Series of Greek and Latin Authors, with English Nctes, Fcap, Bvo 
OsBsar : De Bello Galileo. By George Long, M.A. Ss, 6(2. 

— Books I.-III. For Junior Classes. By G. Long, M. A. 2s, 6d 

Books IV. and V. in 1 vol. 1$, 6rf. 

Cfttnllus, Tibullus, and Propertius. Selected Poems. With Life. 

By Bey. A. H. Wratislaw. 3s. (M. 



Oeorge Bell and Sons' 



Oioero: De Senectnte, De Amioitia, and Select Epistles. By 

Oeorge Long, M.A. 48. 6d. 

OomeUiu Nepos. By Bev. J. F. Macmiohael. 2s, 6i. 

Homer : niad. Books I.-XIL By F. A. Paley, M.A. 6«. 6<l. 

Horace. With Life. By A. J. Macleane, M.A. 6«. 6d. [In 
2 parte. 8c 6d. eaok.] 

Juyenal: Sixteen Satires. By H. Prior, M.A. 4^. 6i. 

Martial: Select Epigrams. Wi&Life. ByF. A.Faley, M.A. -69, M. 

Ovid : the Fasti. By F. A. Faley , M. A. 5«. 

SallUBt : Gatilina and Jugnrtha. With Life. By G. Long, M.A. 6$. 

TaoltuB : Germania and Agricola. By Bey. P. Frost. Bs, Bd. 

Virgil: Bnoolios, Georgics, and ^neid, Books I.-IT. Abridged 
from Professor Ooxiixigton'a Edition. Ss. 6d.^^neid, Books Y.-XII. 5s. GdL 
Also in 9 separate Touimes, Is. 6«I. eadh. <* 

Zenophon: The Anabasis. With Life. ByBev.J.F.Macmichael. 5f. 
Also in 4 separate yolumes, 1«. 6d. eaoh. 

The GyropsBdia. By G. M. Gorham, M.A. 6^. 

Memorabilia. By Percival Frost, M.A. 4^. Qd. 

A Grammar-School Atlas of Olassical Geography, containing 

Ten selected Maps. Imperial 8to. 5«. 

Uniform with the Series. 

The New Testament, in Greek. With English Notes, &o. By 
Bey. J. F. Macmiohael. 7s. Gd. 



CAMBRIDGE GREEK AND LATIN TEXTS. 

iEsohyluB. By F. A. Paley, M.A. Zs, 

Gsesar : De Bello Gallioo. By G. Long, M.A. 2s, 

Oioero : De Seneotute et de Amioitia, et EplstolsB Selectss. By 

G. Long, M.A. Is. 6d. 

Oioeronis Orationes. Vol. I. (in Yerrem.) By G. Long, M.A. 8».M. 

Euripides. By F. A. Paley, M.A. 8 toIs. Zs, 6d. each. 

Herodotus. By J. G. Blakesley, B.D. 2 vols. 7s, 

Homeri nias. I.-XII. By F. A. Paley, M.A. 2s. 6(2. 

Horatius. By A. J. Macleane, M.A. 2s, 6(2. 

Juyenal et Fersius. By A. J. Macleane, M.A. Is. 6(2. 

Lucretius. By H. A. J. Munro, M.A. 2s, 6(2. 

SaUfUBti Crispi Catilina et Jugurtha. By G. Long, M.A. Is, 6d. 

Sophocles. ByF. A. Paley, M.A. 3». 6(2. 

Terentl Comosdiss. By W. Wagner, Ph.D. 3«. 

Thuoydides. By J. G. Donaldson, D.D. 2 yols. 7s. 

Virgilius. By J. Ck>nington, M.A. Ss. 6(2. 

Xenophontis Ezpeditio Gyri. By J. F. Macmiohael, B.A. 2s. 64L 

Novum Testamentum Grsecum. By F. H. Scriveher, MJL 

4b. 6d. An edition mtli wide margin for notes, half bound, IZs. 
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CAMBRIDGE TEXTS WITH NOTES. 

A Selection of the mo$t utually reed of the Greek and Latin Authors, 
Annotated for Schools, Feap, Svo. Is. %d, each, toith exceptions, 

Euripides. Aloestis. — Medea. — Hippolytns. — Hecuba. — Baodh». 
Ion. 2«. ^Orestes. — ^Phoenigsie. — Troades. By F. A. Paley, M.A. 

iB8ohylu8. Prometheus Yinctos. — Septem oontra Thebas. — ^Aga- 
memnon. — ^PerS89. — Eomenides. By F. A. Paley, M.A. 

Sophooles. CEdipus Tyrannus. — (Edipus Ooloneus. — Antigone. 

By F. A. Paley, M.A. 
Homer. Iliad. Book I. By F. A. Paley, M.A. Is, 

Terenoe. Andria. — ^Hauton Timorumenos. — Phormio. — ^Adelphoe. 
By Professor Wagner, Ph.D. 

Glcero'8 De Senectnte, De Amidtia, and EpistolaB Selects. By 

Ot, Xiong, M.A. 

Ovid. Selections. By A. J. Madeane, M.A. 

Othert in preparation. 

PUBLIC SCHOOL SERIES. 

A Series of Classical Texts, annotated by toell-knoiim Scholars. Or. ^vo, 
Aristophanes. The Peace. By F. A. Paley, M.A. \s, 6<2. 

The Adhamians. By F. A. Paley, M.A. \b, 6(2. 

The Frogs. By F. A. Paley, M JL 4«. 6(2. 

Cicero. The Letters to Atticns. Bk. I. By A. Pretor, M.A. is, 6<i. 
Demosthenes de Falsa Legatlone. By B. Shilleto, MA. 6«. 

The Law of Leptine& By B. W. Beatson, M.A. 3«. 6<I. 

Plato. The Apology of Socrates and Grito. By W. Wagner, Ph.D. 

7th Edition. ^. 6d. 

The PhoBdo. 6th Edition. By W. Wagner, Ph.D. hs. 6<l. 

The Protagoras. 3rd Edition. By W. Wayte, M.A. is. 6<2. 

The Euthyphro. 2nd edition. By G. H. WeUs, M.A. 3». 

The Euthydemus. By G. H. Wells, M.A. iz, 

The Republic. Books I. AH. By G. H. Wells, MA. 58. 6d. 

Plautus. The Aulularia. By W. Wagner, Ph.D. 2nd edition. 4«.6d. 

Trinmxmms. By W. Wagner, Ph.D. 2nd edition, is, 6(2. 

The Menaechmei. By W. Wagner, Ph.D. is, 6<2. 

Sophcolis TraohlnisB. By A. Pretor, M.A. is, 6<2. 
Terence. By W. Wagner, Ph.D. 10*. 6<2. 
Theocritus. By F. A. Paley, M.A. is. Qd. 

Othera m preparaiion. 

CRITICAL AND ANNOTATED EDITIONS. 

Mtn&. By H. A. J. Munro, M.A. Ss. Qd. 

AristophaniB ComoediaB. By H. A. Holden, LL.D. 8yo. 2 vols. 
23s. 6<Z. PIa^ sold separately. 

Pax. By F. A, Paley, M.A, Fcap. 8vo. 4*. 6<2. 

GatuUus. By H. A. J. Munro, M.A. 7s, 6d, 

Gorpus Foetarum Latinomm. Edited by Walker. ItoI.Svo. 18f, 

Horaoe. Quinti Horatii Flacci Opera. By H. A. J. Munro, M.A. 
Large 8ro. 11. la. 

Llvy. The first five Books. By J. PrendeyiUe. 12mo. roan, Ss, 
.OrBoekeL.in.3i.6d. lY. and T. Ss. 6d. 
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IfHoretinB. Titi Lncretii Cari de Benim Natura Libri Sex. With 
a Translation and NotM. By H. A. J. If tinro, M.A 2 vols. 8to. Vol. I. 
Text. (New Edition, Preparing.) ToL II. Translation. (Sold separately.) 

Ovid. p. OTidiiNasonisHeroidesXIY. B7A.Palmer,M.A. 8yo.6«. 

Prppertiiui. Sex Auxelii Fropertii Cormina. By F. A. Paley, M.A. 
8yo. Oloth, 9s. 

Sex. Fropertii Elegiarum. LiKIV. By A. Palmer. Fcap.8yo.5«. 

Sopliooles. The AJaz. By G. E. Palmer, M.A. 4s, 6(2. 

Thuoydides. The Histoiy of the Pelopomiesian War. By Richard 
Shilleto, M.A. Book I. 8vo. Gs. 6d. Book 11. Svo. 5s. 6d. 

LATIN AND GREEK CLASS-BOOKS. 

Aoxilia Lattna. A Series of Progressiye Latin Exercisei. By 
M.J.B.Baddele7,M.A. Foap.Sro. Part I. Accidence. 2nd Edition, revised. 
ls.6d. PartIL 4th Edition, revised. 2s. Key to Part II. 2s. 6d. 

Ijatin Proee Lessons. ByProf.Ghiiroh,M.A. 6th Edit. Fcap.8yo. 

2s. 6d. 

Latin iSzeroises and Grammar Papers. By T. Ck>llins, M.A. Srd 

Edition. Fcap. 8vo. 2s. 6d. 

Unseen Papers in Latin Prose and Verse. With Examination 
Queetions. By T. Collins, M.A. 2nd Edition. Fcap. 8to. 2s. 6d. 

in Greek Pro^e and Verse. With Examination Questions. 

By T. Collins, M.A. Fcap. 8yo. Ss. 

Analytical Latin Exercises. By G. P. Mason, B. A. 3rd Edit. Ss,M. 

Latin Mood Construction, Outlines of. With Exercises. By 
the Bev. G. E. C. Casey, M.A., F.L.S., F.G.S. Small post 8to. Is. 6d. 
Latin of the Exercises. Is. 6d. 

SoalaGrsBoa: a Series of Elementary Greek Exercises. ByBev. J.W. 
Davis, M.A., and B. W. Baddeley, M.A. Srd Edition. Fcap.Svo. 2s. 6d. 

Oreek Verse Composition. By G. Preston, M. A. Grown Sto. 4^.6(2. 
Greek Particles and their Combinations according to Attic Usage. 

A Short Treatise. By F. A. Paley, M.A. 28. 6d. 

Bt the Bbv. p. Fbost, M.A., St. John's College, GAifBBn>0E. 
Eclogse Latinse ; or, First Latin Beading-Book, with English Notes 
and a Dictionary. New Edition. Fcap. 8yo. 2s. 6d. 

Iffaterials for Latin Prose Composition. New Edition. Fcap.8T0. 

2s. 8d. Key, 48. 

A Latin Verse-Book. An Litroductoiy Work on Hexameters and 
Pentameters. New Edition. Foap. 8vo. 8s. Key, 56. 

Analeota Qrsaoa Minora, with Introductory Sentences, English 
Notes, and a Dictionary. New Edition. Fcap. 8vo. Ss. 6d. 

Iffaterials for Greek Prose Composition. New Edit. Foap. 8to. 

8s. 6d. Key, 5s. 

llorilegium Poetlcum. Elegiac Extracts from OYid and Tibullns. 
New Edition. With Notes. Fcap. 8to. 3s. 

Bt the Bev. F. E. Gbettov. 
A First Cheque-book for Latin Verse-makers. Is, M. 

A Latin Version for Masters. 2s. M. 

Beddenda ; or Passages with Parallel Hints for Translation into 

Latin Prose and Verse. Crown Svo. 4s. 6d. 

Beddenda Beddita {see next page). 
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Anthologia GrsBoa. A Selection of Choice Greek Poetiy, with Notes. 
By F. St. John Thackeray. 4th and Chtaftr XdHion, 16mo. 4s. 6d. 

Anthologia Lattna. A Selection of Choice Latin Poetiy, from 
Naavins to Bofithins, with Notes. ByBev. F.St. John Thackeray. Berised 
and Oheaper Bdition. 16mo. 48. 6d. 

Bt H. a. Holden, LL.D. 

FoUoram Silvula. Part I. Passages for Translation into Latin 
Elegiac and Heroic Yense. 9th Bdition. PostSyo. 7<. 6d. 

Part II. Select Passages for Translation into Latin Lyrio 

and Comio Iambic Verse. 3rd Edition. Post Sro. 58. 

Part in. Select Passages for Translation into Greek Verse. 



3rd Edition. Post 8yo. Ba. 

Folia Silvulss, sive Eclogss Poetamm Anglicomm in Latinuxn et 

OrsBonm oonyerssB. 8yo. Vol. I. lOs. 6d. Vol. II. 12s. 

Follomm Oentiute. Select Passages for Translation into Latin 
and Greek Prose. 8th Edition. PostSvo. 8s. 



TRANSLATIONS, SELECTIONS, &o. 

*«* Many of the following hooks are well adapted f<xr Sdiool Prizes. 

iBsohylus. Translated into English Prose hy F. A. Paley, M.A. 

2nd Edition. 8yo. 7s. 6d. 
Translated into English Verse hy Anna Swanwick. Post 

8ro. 58. 

Horace. The Odes and Carmen Siecnlare. In English Verse by 

J. Oonington, M.A. 8th edition. Tca.-p, 8to. 58. 6d. 

The Satires and Epistles. In English Verse by J. Coning* 

ton, M.A. 5th edition, da. 6d. 

niostrated from Antique Gems by C. W. King, M.A. The 



text rcTiaed with Introduction by H. A. J. Mnnro, M.A. Lai^ 8to. U. Is. 

Horace's Odes. Englished and Imitated by yarions hands. Edited 
by 0. W. F. Cooper. Grown 8to. Ga. 6d. 

Fropertlxui. Verse Translations from Book V., with reyised Latin 
Text. By F. A. Falej, M.A. Fcap.Syo. 3s. 

Plato. Gorgias. Translated by E. M. Cope, M.A. 8to. 7«. 

Philebns. Translated by F. A. Paley, M.A. Small 8yo. 4f. 

Thesatetus. TranslatedbyF. A.Paley,M.A. Small 8yo. 4f. 

Analysis and Index of the Dialogues. By Dr. Day. Poet Syo. Ss. 

Reddenda Heddita : Passages from English Poetry, with a Latin 

Verse Translation. By F. B. Gretton. drown 8vo. 6s. 

SabrinsB Corolla in hortulis Begisa Schol» Salopiensis oontezuenmt 

tres yiri floribns legendis. Editio tertia. 8yo. 8s. 6d. 

Theooritiui. In English Verse, by C. S. Calyerley, M.A. Crown 

8to. New Edition, revised. Grown 8to. 7s. 6d. 

TranslatlonB into English and Latin. By C. S. Calyerley, M.A. 
Post 8to. 7s. 6d. 

into Greek and Latin Verse. By B. C. Jebb. 4to. cloth 

gUt. 108.6d. 

Between Whiles. Translations by B. H. Kennedy. 2nd Edition. 

revised. Crown 8yo. 6s. 
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REFERENCE VOLUMES. 

A Ziatin Grammar. By Albert Harkness. Post 8vo. 6«. 

By T. H. Key, M.A. 6th Thoasand. Poet 8vo. 8«. 

A Short Latin Grammar for Schools. By T. H. Key* M.A.» 

F.B.S. Uth Edition. PoBtSro. Ss. 6d. 

A Guide to the Choice of Classical Books. By J. B. Mayor, M.A. 

Bevised Edition. Grown 8yo. Ss. 

The Theatre of the Greeks. By J. W. Donaldson, D.D. 8th 

Edition. PoetSyo. 58. 
Eeightley's Mythology of Greece and Italy. 4th Edition. 5«. 
A Dictionary of Latin and Greek Quotations. By H. T. Biley. 

Post 8vo. 58. With Index Terbonim, 68. 

A History of Boman Literature. By W. S. Tenffel, Professor at 

tlie University of Tubingen. By W. Wagner, Ph.D. 2 yoIb. Demy 8to. 2l8. 

Student's Guide to the XTniyersity of Cambridge. 4th Edition 

revised. Feap. 8vo. Part 1, 2s. 6d. ; Parts 2 to 6, Is. each. 



CLASSICAL TABLES. 

Latin Accidence. By the Bey. P. Frost, M.A. 1$, 

Latin Versiflcatlon. It, 

Notabllia QusBdam; or the Principal Tenses of most of the 
Irreernlar Greek Verbs and Elementary Greek, Latin, and Frencli Con- 
struotion. New Edition. Is. 

Biohmond Bules for the Ovidian Distich, <&c. By J. Tate, 

U.A. Is. 

The Principles of Latin Syntax. It, 

Oreek Verbs. A Catalogue of Verbs, Irregolar and DefectiTe; their 

leading formationB, tenses, and inflexions, with Paradigms f or oonjngation, 
Bnles for formation of tenses, &c. ftc. By J. 8. Baird, T.O.D. 2s. 6d. 

Greek Accents (Notes on). By A. Barry, D.D. New Edition. It, 

Homeric Dialect Its Leading Forms and Peculiarities. By J. S. 
Baird, T.G.D. New Edition, by W. G. Butherford. Is. 

Greek Acddenoe. By the Bey. P. Frost, M.A. New Edition. It, 



CAMBRIDGE MATHEMATICAL SERIES. 

Algebra. Choice and Chance. By W. A. Whitworth, M.A. 3rd 

Edition. 6s. 

Euclid. Exercises on Enolid and in Modem Geometry. By 
J. McDowell, M.A. 3rd Edition. 6s. 

Trigonometry. Plane. By Rev. T. Vyvyan, M.A. 3«. 6d. 

Conies. The Geometry of. 3rd Edition. By 0. Taylor, D.D. 4».6d. 

Solid Geometry. By W. S. Aldis, M.A. 3rd Edition. 6s. 

Rigid Dynamics. By W. S. Aldis, M.A. 4a. 

Elementary Dynamics. By W. Garnett, M.A. 3rd Edition. %$. 
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Heat. An Elementary Treatise. By W. Ganiett, M.A. 2nd Edit. 

38. 6«l. 

HydromeolLanlos. By W. H. Besant, M.A., F.B.S. 4th Edition. 

Part I. Hydrostatics. St, 

Meehanlcs. Problems in Elementary. By W. Walton, M.A. Gs. 



CAMBRIDGE SCHOOL AND COLLEGE 

TEXT-BOOKS. 

A Series of Elementary Treatises for the use of Students in tJte 

Universities, Schools, and Candidates for the Fv^lie 

Examinations. Fcap. 9vo. 

Ailthmetlo. ByBeT.0.El8ee,M.A. Foap. 8to. lOthEdit. 8«.6<i. 

Algebra. By the Bey. G. Elsee, MJL 6th Edit. As. 

Arlthmetio. By A. Wiigley, M.A. 3«. 6<i 

A FrogressiTe Gonrse of Examples. With Answers. By 

J. Watson, M.A. 5th Edition. 28. 6d. 

Algebra. Progressiye Gonrse of Examples. By Bey. W. F. 
H'liicliael,H.A.,and B.Prowde Smith, M.A. 2nd Edition. 38.64. With 
Answers. 4s. 6d. 

Plane Aatronomy, An Introdnotion to. By P. T. Main, M.A. 

4th Edition. 48. 

Ckmlo Sections treated Geometrically. By W. H. Besant, M.A. 
4th Edition. 48. 6d. Solution to the Examples. 48. 

Elementary QosdQ Seotlonfl treated Geometrically. By W. H. 

Besant, H.A. {In the Press. 

Statlos, Elementary. By Bey. H. Goodwin, D.D. 2nd Edit. 3«. 

Hydrostatios, Elementary. By W. H. Besant, M. A. 10th Edit. 4«. 

Mensuration, An Elementary Treatise on. By B.T. Moore, M.A. 6s. 

Kewton's Prinoipla, The First Three Sections of, with an Appen- 
dix; and the Ninth and Eleventh Sections. Br J. H. Evans, H.A. 5th 
Edition, by P. T. Main, H.A. 48. 

Trigonome^, Elementary. By T. P. Hudson, M.A. 8«. 6d. 

Optics, Geometrical. With Answers. By W. S. Aldis, M.A. 8«. 6<i. 

Analytical Geometry for Schools. By T. G. Yyyyan. 3rd Edit. As. 6d. 

Qreek Testament, Gompanion to the. By A. G. Barrett, A.M. 
4ih Edition, revised. Fcap. 8to. Ss. 

Book of Common Prayer, An Historical and Explanatory Treatise 

on the. By W. O. Humphry, B.D. Oth Edition. Fcap. 8ro. 48. M. 

MuBle, Text-book of. By H. 0. Banister. 10th Edit, reyised. 5<. 

Goncise History of. By Bey. H. G. Bonayia Hxmt, B. Mus. 

Oxon. 6th Editipn revised. Ss. 6d. 



ARITHMETIC AND ALGEBRA. 

Ste foregoing Seriet. 
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GEOMETRY AND EUCLID. 

Euclid. The First Two Books explained to Beginners. By C. P. 
Uason, B.A. 2nd Edition. Fcap. Bvo, 2s. 6d. 

The EnunciationB and Figures to Euclid's Elements. By Bey. | 

J. Brasse, D.D. New Edition. Fcap.Svb. Is. On Oards, in caBO, 5s. 64. 

Without the Fignrea, 6d. I 

Exercises on Euclid and in Modem Geometry. By J. McDowell, ' 

B.A. Grown 8yo. 3rd Edition revised. 68. ■ 

G-eometrioal Conic Sections. By W. H. Besant, M.A. 4th Edit. 

4.8. 6d. Solution to the Examples. 4s. 

Elementary Geometrical Conic Sections. By W. H. Besant, 

M. A. [,In th$ press. 

Elementary Geometry of Conies. By C. Taylor, D.D. drd Edit. 

8vo. 4». 6d. 

An Introduction to Ancient and Modem Geometry of Gonios. 

By 0. Taylor, M.A. 8to. 15s. 

Solutions of Geometrical Problems, proposed at St. John's 

College from 1890 to 1816. By T. GasMn, M.A. 8ro. 12s. 



TRIGONOMETRY. 

Trigonometry, Introduction to Plane. By Rev. T. G. Vyyyan, 
Charterhonae. Or. 8to. 3s. 6d. 

Elementary Trigonometry. By T. P. Hudson, M.A. 3«. 6i. 
An Elementary Treatise on Mensuration. By B. T. Moorei 

M.A. 58. 

ANALYTICAL GEOMETRY 

AND DIFFERENTIAL CALCULUS. 

An Introduction to Analytical Plane Geometry. By W. P. 

Tumbnll, M.A. 8to. 12s. 

Problems on the Frinoiples of Plane Co-ordinate Geometry. 

By W. Walton. M.A. 8to. 168. 

Trilinear Co-ordinates, and Modem Analytical Geometry of 

Two Dimensions. By W. A. Whitworth, M.A. 8ro. 168. 
An Elementary Treatise on Solid Gfreometry. By W. 8. AldiSi 

M.A. 2nd Edition revised. 8to. 88. 

Elementary Treatise on the Differential Calculus. By M. 

O'Brien, M.A. 8ro. lOs. 6d. 

EUiptlo Functions, Elementary Treatise on. By A. Cayley, M.A. 
Demy 8vo. 168. 

MECHANICS & NATURAL PHILOSOPHY. 

Statics, Elementary. By H. (Goodwin, D.D. Fcap. 8yo. 2Ad 

Edition. Ss. 

Dynamics, A Treatise on Elementary. By W. Gamett, M.A. 

3rd Edition, drown 8yo. 6s. 

Elementary Mechanics, Problems in. By W. Walton, M.A. New 
Edition. Crown 8vo. 6s, 
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Theoretioal Mechanlos, Problems in. By W. Walton. 2nd Edit, 
reyised and enlai^fed. Demy 8vo. 16a. 

HydroBtatlcB. ByW.H.Besant,M.A. Foap.Svo. 10th Edition. 4s, 
HydromeohanioB, A Treatise on. By W. H. Besant, M.A., F.B.S. 

Sro. 4th Edition, reyised. Part I. Hydrostatics. 5s. 

Dynamics of a Particle, A Treatise on the. By W. H. Besant, M. A. 

[Preparing, 

Optics, Geometrical. By W. S. Aldis, M.A. Fcap. 8to. 3«. 6d. 
Doable Refraction, A Chapter on Fresnel's Theory of. By W. S. 

Aldis, M.A. 8yo. 28. 

Heat, An Elementary Treatise Oh. By W. Gtamett, M.A. Crown 

8to. 2i]d Edition reyifled. 3s. 6d. 

Newton's Frinoipia, The First Three Sections of, with an Appen- 
dix ; aild the Ninth and Bleyenth Sections. By J. H. Byans, M.A. 5t1i 
Edition. Edited by P. T. Main, H.A. 4s. 

ABtronomy, An Introduction to Plane. By P. T. Main, M.A. 

Fcap. 8yo. cloth. 48. 

Astronomy, Practical and Spherical By B. Main, M.A. 8yo. lit. 
Afltronomy, Elementary Chapters on, from the * Astronomic 

Physiqne'ofBiot. By H. Gh>odwin, D.D. 8yo. 38. 6d. 

Pore Mathematics and Natural PhlloBophy, A Compendium of 

Facts and Formnlsa in. By Gt. B. Smalley. 2nd Edition, reyised by 
J. McDowell, M.A. Fcap. 8yo. 8>. 6d. 

Elementary Course of Mathematics. By H. Gtoodwin, D.D. 

6th Edition. 8yo. IGs. 

Problems and Examples, adapted to the * Elementary Course of 

Mathematics.' 3rd Edition. 8yo. 5s. 

Solutions of Gk>odwln'8 Collection of Problems and Examples. 

By W. W. Hntt, M.A. 3rd Edition* reyised and enlarged. 8yo. 9s. 

Pore Mathematics, Elementary Examples in. By J. Taylor. 8vo. 

7s. Gd. 

Mechanics of Construction. With numerous Examples. By 

S. Fenwick, F.B.A.S. 8yo. 128. 

Pore and Applied Calculation, Notes on the Principles of. By 

Ber. J. Ghallis, M.A. Demy 8yo. ISs. 

Physios, The Mathematical Principle of. By Bev. J. Challis, M.A. 
Demy 8yo. Ss. 



TECHNOLOGICAL HANDBOOKS. 

Edited by H. Tbueuan Wood, Secretary of the 

Society of Arts. 

1. Dyeing and Tissue Printing. By W. Crookes, F.B.S. 5s. 

2. Glass Msuiufaoture. By Henry Chance, M.A.; H.J. Powell, B. A.; 

and H. G. Harria. 3s. 6d. 

3. Cotton Manufacture. By Bichard Marsden, Esq., of Man- 

ohester. [In the presi. 

4. Telegraphs and Telephones. By W. H. Preeoe, F.B.S. 

[Prsparinf, 
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HISTORY, TOPOGRAPHY, &c. 

Borne and the Gampagna. By B. Btzm, M.A. With 85 Eb- 

grayings and 26 Maps and FlaoB. With AiqDondix. 4to. 31. Zs. 

Old Rome. A Handbook for Travellers. By B. Bum, M.A. 
With Maps and Flans. DemySvo. lOs. 6d. 

Modem Burope. By Dr. T. H. Dyer. 2ud Edition, revised and 

oontinned. 5 vols. Demy 8to. 21. 12s. 6d. 

The History of the Kings of Rome. ByDr.T.H.Dyer. 8yo.l6«. 

The History of Pompeii: its Buildings and Antiquities. By 
T. H. Dyer. 3rd Edition, bronght down to 1S74. Post 8to. 78. 6(2. 

Andent Athens: its History, Topography, and Remains. By 
T. H. Dyer. Super-royal 8to. Cloth. 11. Sa. 

The Decline of the Roman Republio. By G. Long. 5 vols. 
8to. 14«. each. 

A History of England during the Barly and Ifflddle Ages. By 

0. H. Pearson, M.A. 2nd Edition reyiied and enlaxged. 8ro. Vol. I. 
168. YoLII. 148. 

Historioal Maps of England. By G. H. Pearson. Folio. 2nd 

Edition revised. 3l8. 6d. 
History of England, 1800-15. By Harriet Martinean, with new 

and copious Index. 1 vol. 38. 6d. 

History of the Thirty Years' Peace, 1815-46. By Harriet Mar- 
tinean. 4 vols. 38. 6d. each. 

A Practical Synopsis of English History. By A. Bowes. 4th 

Edition. 8to. 2s. 

Student's Text-Book of English and Gfreneral History. By 

D. Beale. Grown 8yo. 28. 6d. 

]4vos of the Queens of England. By A. Strickland. Library 
Edition, 8 vols. 7b. 6d. each. Cheaper Edition, 6 vols. &. each. Abridged 
Edition, 1 vol. 68. 6d. 

Egtnhard's Life of Karl the Great (Charlemagne). Translated 
with Notes, by W. Glaister, M.A., B.O.L. Orowp 870. 4s. 6d. 

Outlines of Indian History. By A. W. Hughes. Small post 

8yo. Ss. 6d. 

The Elements of (General History. By Prof. Tytler. New 

Edition, brought down to 1874. Small post 8yo. Ss. 6d. 

ATLASES. 
An Atlas of Classical Gtoography. 24 Maps. By W. Hughes 

and G. Long, M.A. New Edition. Imperial Syo. 128. 6<2. 

A Grammar-School Atlas of Classics^ Geography^ Ten Maps 
selected from the above. New Edition. Imperial Syo. 5s. 

nmt Classical Maps. By the Rev. J. Tate, M.A. Srd Edition. 
Imperial 8vo. 7s, 6d. 

Standard Library Atlas of Classical Geography. Imp. 8vo. 7«. 6d. 
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PHILOLOGY. 

WEBSTER'S DICTIONARY OF THE ENGLISH LAN- 

GTTAGB. With Dr. Mahn's Btymoloffj. 1 vol., 1628 pages, 3000 Illus. 

tratdons. 21«. With Appendices and 70 additional pages of Illu&tra- 

tions, 1919 pages, Sia. 6d. 

* Thb BB8TPBAOTIC2AL ENGLISH DiCTioiTABT VZ.T AST. '—Quarterly Seview, 1873. 

Frospectoses, with specimen pages, post free on appbeation. 

New Dlotionary of the English Language. Combining Explan- 
ation with B^pnology, and oopioosly illustrated by Qnotations from the 
best Authorities. "Bj Dr. Biohardson. Kew Edition, with a Supplement. 
2 yoIb. 4to. 4Z. 148. 6a.; half russia, 51. 15s. 6d.; russia, 61. 12s. Supplement 
separately. 4to. 12s. 

AnSyo. Edit, without the Quotations, 15s.; half russia, SOs.; russia, 21s. 

Supplementary English Glossary. Containing 12,000 Words and 

Meanings occurring in English Literature, not found in any otlier 
Dictionary. By T. L. O. Davies. Demy Svo. 16s. 

Polk-Etymology. A Dictionary of Words perverted in Form or 
Meaning by False Derivation or Mistaken Analogy. By Rev. A. S. Palmer. 
Demy Svo. 21s. 

Brief History of the English Language. By Prof. James Hadle}', 
LL.D., Yale Collie. Fcap. 8vo. Is. 

The Elements of the English Language. By £. Adams, Ph.D. 

15th Edition. PostSyo. 4s. 6d. 
Philologioal Essays. By T. H. Key, M.A., F.B.S. 8yo. 10s. 6d. 
Language, its Origin and Development. By T. H. Key, M.A., 

F.B.S. 8to. 14s. 

Synonyms and Antonyms of the English Language. By Arch- 
deacon Smith. 2nd Edition. Post Svo. 5s. 

Synonyms Disoriminated. By Archdeacon Smith. DemySTO. 16«. 

Bible EngUsh. By T. L. 0. Dayies. Ss. 

The Queen's En^ish. A Manual of Idiom and Usage. By the 
late Dean Alford 6th Edition. Fcap. Sro. 5s. 

Etymological Glossary of nearly 2500 English Words de- 
rived from the Greek. By the Ber. E. J. Boyoe. Fcap. 8to. Ss. 6d. 

A Syriao Grammar. By G. Phillips, D.D. 8rd Edition, enlarged. 
8to. 7s. 6d. 

A Grammar of the Arabic Language. By Bev. W. J. Beau- 
mont, H.A. 12mo. 7s. 



DIVINITY, MORAL PHILOSOPHY, &c. 

Novum Testamentum Gneoum, Textos Stephanici, 1550. By 
P. H. Scrivener, A.M., LL.D., D.C.L. New Edition. 16«o. 4s. 6d. Also 
on Writing Paper, with Wide Margin. Half -bound. 12s. 

By the same Author, 
Oodez BezsB Gantabrigiensis. 4to. 268. 

A Full Collation of the Codez Sinaitlcus with the Beceived Text 
of the New Testament, with Critical Introduction. 2nd Edition, revised. 
Fcap. Svo. 5s. 

A FlaSn Introduotion to the Criticism of the New Testament. 

With Forty Facsimiles from Ancient Manuscripts. 3rd Edition. Svo. 

[In the press. 

Six Lectures on the Test of the New Testament. For English 
Beaderi. Crown Svo. 6s. 
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The New Testament for Fingllah Beadera. By the late H. Alford, 

D.D. VoL I. Part I. 3rd Edit. !&. Vol. I. Part II. 2nd Edit. 10s. 6d. 
Vol. II. Part 1. 2nd Bdit. IGs. Vol. II. Part H. 2nd Edit. 16s. 

The areek Testament By the late H. Alford, D.D. VoL I. 6th 

Edit. II. 8s. Vol. n. eth Edit. 11. is. Vol. HI. 5th Edit. 18s. YoL lY. 
Part 1. 4tli Edit. 188. Vol. lY. Part II. 4tli Edit. lis. Vol. lY. 11. 12s. 

Oompanion to the Ghreek Testament. By A. C. Barrett, M.A. 

4th Edition, revised. Fcap. Svo. 5s. 

The Book of Psalms. A New Translation, with Introdaotions, Ao, 
By the Very Rev. J. J. Stewart Perowne« D.D. 8yo. Vol. I. 5th Edition« 
188. Vol. II. 5th Edit. 168. 

Abridged for Schools. 8rd Edition. Crown 8yo. 10«. Qd, 

History of the Artioles of Religion. By C. H. Hardwick. 3rd 

Edition. Post 8yo. 5s. 
History of the Creeds. By J. B. Lumby, D.D. 2nd Edition. 

Crown Svo. 7s. 6d. 

Pearson on the Creed. Carefully printed from an early edition. 
With Analysis and Index by E. WaUord, M.A. Post 8to. 5s. 

An Historical and Explanatory Treatise on the Book of 

Oommon Prayer. By Bev. W. G. Humphry, B.D. 6th Edition, enlarged. 
Small post Svo. 4s. 6d. 

The New Table of Lessons Explained. By Bey. W. G. Humphry, 

B.D. Fcap. ls.6d. 

A Commentary on the Gospels for the Sundays and other BjoIj 

Days of the Ohristian Tear. By B«y. W. Denton, A.M. New Edition. 
3 vols. Svo. 548. Sold separately. 

C(»nmentar7 on the Epistles for the Sundays and other Holy 
Days of the Ohristian Year. By Ber. W. Denton, A.M. 2 toIs. 36s. Bold 
separately. 

Gommentaory on the Aots. By Bev. W. Denton, A.M. Vol. I. 

Svo. ISs. Vol. II. 14s. 

Notes on the Cateohism. By Bev. Canon Barry, D.D. 6th Edit. 
Fcap. 2s. 

Cateohetical Hints and Helps. By Bev. E. J. Boyce, M.A. 4th 
Edition, revised. Fcap. 2s. 6d. 

Examination Papers on Beligioas Instmotion. By Bev. E. J, 

Boyce. Sewed. Is. 6d. 

Churoh Teaohing for the Church's Children. An Exposition 

of the Catechism. By the Bev. F. W. Harper. Sq. fcap. 2s. 

The Winton Churoh Cateohist. Questions and Answers on the 
Teaching of the Church Catechism. By the late Rev. J. S. B. MonseU* 
LL.D. 3rd Edition. Cloth, 8s.; or in Fonr Parts, sewed. 

The Churoh Teacher's Manual of Christian Instmotion. By 

Rev. M. F. Sadler. 24th Thousand. 2s. 6d. 

Short Explanation of the Epistles and Gospels of the Chris- 
tian Year, with Questions. Boyal S2mo. 2s. 6d.; calf, 4s. 6d. 

Butler's Analogy of Religion ; with Introduction and Index by 
Bev. Dr. Steere. New Edition. Fcap. 3s. 6d. 

Three Sermons on Human Nature, and Dissertation on 

Virtue. By W. Whewell, D.D. 4th Edition. Foap. Svo. 2s. 6d. 
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Leotures on the History of Moral Philosophy in England. By 
W. Whewell, D.I>. Orown 8vo. 8a. 

Kent's Gommentary on International Law. By J. T. Abdy, 

LL.D. New and Cheap Edition. Grown 8yo. lOs. 6d. 

A Manual of the Roman Civil Law. By G. Leapingwell, LL.D. 

8to. 128. 



FOREIGN CLASSICS. 

A teriet for use in ScTiooU, with English Notes, grammatical and 
explanatory, and renderings of difficult idiomatic expressions, 

Fcap, Bvo. 

Sohiller's ^Wallenstein. By Dr. A. Bnehheim. 3rd Edit. 6«. 6(1. 
Or the lAger and Piooolomini, 3s. 6d. WaUenstein's Tod, Sa. 6d. 

Maid of Orleans. By Dr. W. Wagner. Ss. 6(1. 

Maria Stuart. By Y. Eastner. 8«. 

Ooethe's Hermann and Dorothea. By E. Bell, M.A., and 

B. WSlfel. 28. 6d. 

Qerman Ballads, from XJhland, Goethe, and Sohiller. By C. L. 

Bielefeld. 3rd Edition. Ss. 6d. 

Oharles XII., par Voltaire. By L. Direy. 4th Edition. Ss. Qd. 
Ayentures de T^l^maque, par F6n61on. By 0. J. Delille. 2nd 

Edition. 48. 6d. 

Select Fables of La Fontaine. By F. E. A. Gasc. 14th Edition. Ss. 
Flooiola, by X.B. Saintine. By Dr.Dubuo. 11th Thousand. Ss. M, 



FRENCH CLASS-BOOKS. 

Twenty Lessons in French. With Vocabulary, giving the Pro- 

nnnoiation. Bj W. Brebner. Post Sro. is. 

French Grammar for Public Schools. By Bey. A. C. Clapin, M.A. 
Foap. 8to. 9th Edition, revised. 28. 6d. 

French Primer. By Bey. A. C. Clapin, M.A. Fcap. 8yo. 4th Edit. 

l8. 

Primer of French Philology. By Bey. A. G. Clapin. Fcap. 8yo. Is, 
Le Noavean Tr6aor; or, French Student's Companion. By 

M. E. S. 16th Edition. Fcap. 8to. Ss. 6d. 

F. E. A. GASC'S FRENCH COURSE. 
First Frenoh Book. Fcap. 8yo. 76th Thousand. Is, 6d, 
Seoond French Book. 42nd Thousand. Fcap. 8yo. 2s, 6(2. 
Key to First and Second French Books. Fcap. Syo. Ss, 6d. 

inrenoh Fables for Beginners, in Prose, with Index. 15th Thousand. 
12mo. 28. 

Select Fables of La Fontaine. New Edition. Fcap. 8yo. Ss, 
B3stoires Amusantes et Instructiyes. With Notes. 14th Thou- 

sand. Foap. 8to. 28. 6d. 
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Practical Guide to Modem French ConversatioiL 12th Thou- 

sand. Fcap. 8yo. 2s. 6d. 

French Poetry for the Young. With Notes. 4th Edition. Fcap. 

8to. 2s. 

Materials for French Prose Composition; or, Selections from 

the best English Prose Writers. 16th Thousand. Fcap. 8to. 4s, 6d. 
Key, 6s. 

Prosateurs Contemporains. With Notes. 870. 6th Edition, 
revised. Ss. 

Le Petit Gompagnon ; a French Talk-Book for Little Children. 

llth Thousand. 16mo. 2s. 6d. 

An Improved Modem Pocket Dictionary of the French and 

Ei^lish lAngusLges. 30th Thousand, with Additions. 16mo. Oloth. 4s, 
Also in 2 vols,, in neat leatherette, 5a. 

Modem French-English and English-French Dictionary. 2nd 

Edition, revised. In 1 toL 12s. 6d. (formerly 2 vols. 2Ss.) 

GOMBEBT'S FBENOH DEAMA. 

Being a Selection of the best Tragedies and Comedies of Molidre, 

Racine, Gomeille, and Voltaire. With Araoments and Notes by A. 

Gombert. New Edition, revised by F. E. A Gasc. Fcap. 8to. Is. each; 

sewed, 6d. Oohtkhts. 

MoLiEBE : — Le Misanthrope. . L'Avare. Le Bourgeois Gentilhomme. Le 

Tartnffe. Le Malade Imai?inaire. Les Femmes Bavantes. Les Fourberiea 

de Scapin. Les Pr^ieuses Ridicules. L'Bcole des Femmes. L'Ecole des 

Maris. Le M^ecin maJgr^ Lui. 

Racine :—Ph^dre. Esther. Athalie. Iphig^nie. Les Plaideors. La 

Th^balde ; on, Les Frdres Bnnemis. Andromaqna. BritannicTU. 

P. CORNBiLLE .— Le Oid. Horace. Ginna. Polyeucte. 
Voltaire :— Zaire. 



GERMAN CLASS-BOOKS. 

Materials for German Prose Oomposition. ByDr Bachheim. 
7th Edition Fcap. 4s. 6d. Key, Ss. 

Wortfolge. or Rules and Exercises on the Order of Words in 

German Sentences. By Dr. F. Stock. Is. 6d. 

A German Grammar for Public Schools. By the Bey. A. 0. 
Glapin and F. Holl Mailer. 2nd^tion. Fcap. 2s. 6d. 

Kotzebue's Der Gefangene. With Notes by Dr. W.Stromberg. 1». 



ENGLISH CLASS-BOOKS. 

A Brief History of the English Language. By Prof. Jas. Hadley, 
LL.D., of Yale CoUoge. Fcap. 8vo. Is. 

The Elements of the English Language. By E. Adams, Ph.D. 
18th Edition. Post 8vo. 4s. 6d. 

The Rudiments of English Grammar and Analysis. By 

E. Adams, Ph.D. 8th Edition. Fcap. 9vo. 2s. 
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By C. p. Mason, Fellow of Univ. Coll. London. 
First Notions of Grammar for Yonng Learners. Fcap. 8to. 

loth Thousand. Cloth. 8d. 

First Steps in English Grammar for Junior Glasses. Demy 

18mo. 32nd Thousand. Is. 

Outlines of English Grammar for the use of Junior Classes. 

31st Thousand, drown 8yo. 2s. 

English Grammar, including the Principles of Grammatical 
Analysis. 25th Edition. 86th Thousand. Grown 8ro. 3s. 6d. 

A Shorter English Grammar, with copious Exercises. 8th Thou- 
sand. Crown 8to. 3s. 6d. 

English Grammar Praotioe, being the Exercises separately. 1«. 



Practical Hints on Teaching. By Bey. J. Menet, M JL 5th Edit. 

Crown Svo. cloth, 28. 6d. ; paper, 2s. 
Test Lessons in Dictation. 2nd Edition. Paper cover, 1«. 6d. 
Questions for Examinations in English Literature. By Bey. 

W. W. Skeat, Prof, of Anglo-Saxon at Cambridge UniversitT. 2s. 6d. 

Drawing Copies. By P. H. Delamotte. Oblong 8yo. 12s, Sold 

also in parts at Is. each. 
Poetry for the School-room. New Edition. Fcap. Syo. 1«. 6<2. 
Geographical Text-Book ; a Practical Geography. By M. E. S. 

12mo. 2s. 

The Blank Maps done up separately, 4to. 2s. coloured. 

Loudon's (Mrs.) Entertaining Naturalist New Edition. Beylsed 
by W. S. Dallas, P.L.S. Ss. 

Handbook of Botany. New Edition, greatly enlarged by 

D. Wooster. Fcap. 2s. 6d. 

The Botanist's Pocket-Book. With a copious Index. By W. B^ 
Hayward. 3rd Edit, reyised. Grown 8to. (Both limp. 4s. 6d. 

Experimental Chemistry, founded on the Work of Dr. Stdokhardt. 
By C. W. Heaton. Post Svo. 5s. 

Double Entry Elucidated. By B. W. Foster. 12th Edit. 4ta 

3s. 6d. 

A New Manual of Book-ko«ping. By P. Crellin, Accountant. 

Crown 8to. Ss. 6d. 



Picture School-Books. In Simple Language, with numerous 
Illustrations. Royal lOmo. 

School Primer. 6d.— School Reader. By J. Tilleard. Is.— Poetry Book 
for Schools. Is.— The Life of Joseph. Is.— The Scripture Parables. By the 
Rey. J. B. Clarke. Is.- The Scripture Miracles. By the Rey. J. B. Clarke. 
Is.— The New Testament History. By the Rey. J. G. Wood, M.A. Is.— The 
Old Testament History. By the Rey. J. G. Wood, M.A Is.— The Story of 
Bunyan's Pilgzim's finogress. Is.— The Life of Christopher Columbus. "Rj 
Sarah Crompton. Is.— Ae Idfe of Martin Luther. By Sarah Crompton. U. 
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Suitable 

for 
InfanU. 



BOOKS FOR YOUNG READERS. 

A Series of Reading Books desimed to facilitate the acquisition ofthepoiV€r 
of Beading by very yontig Children. In 8 vols, limp cloihj Sd. each. 

The Gat and the HexL Sam and his Dog Redleg. 

Bob and Tom Lee. A Wreck. 

The New-bom Lamb. The Rosewood Box. Poor 

Fan. Sheep Bog. 

The Story of Three Monkeys. 

Story of a Cat. Told by Herself. 

The Blind Boy. The Mute Girl. A New Tale of 
Babes in a Wood. 

The Dey and the Knight. The New Bank Note. 

The Royal Visit. A King's Walk on a Winter's Day. 
Queen Bee and Busy Bee. 
QuU's Gragg. 
A First Book of Geography. By the Bey. C. A. Johns. 

ninetrated. Donble size, Is. 



Suitable 

for 
Standards 
I, and II, 



BELL'S READING-BOOKS. 

FOR 60HOOL8 AND PAROOHIAL LIBRARIES. 

The popularity -vrhioh the ' Books for Tonng Readers ' hare attained is 
a sniBcient proof that teachers and papils alike approve of the use of inter- 
oiting stories, with a simple plot in place of the dry combination of letters and 
■grilables, making no impression on the mind, of which elementary reading- 
books generally oonaist. 

The Publishers hare therefore thought it advisable to extend the application 
of this pvfaiciple to books adapted for more adranoed readers. 

Now Ready. Post Qvo. Strongly bound, 

Grimm's German Tales. (Selected.) Is, 

Andersen's Danish Tales. (Selected.) Is, 

Great Englishmen. Short Lives for Toung Children. Is. 

Lamb's Tales f^om Shakespeare. (Selected.) Is, 

Edgeworth's Tales. A Selection. U. 

Friends in Fur and Feathers. By Gwynfiyn. Is. \ 

Parables firom Nature. (Selected.) ByMrs. Gatty. Is. 

Masterman Ready. By Capt. Manyat. (Abgd.) ls,6d. 

Settlers in Canada. By Capt. Marryat. (Abdg.) l«.6d. 

Gulliver s Travels. (Abridged.) Is, 

Robinson Orusoe. Is, Qd, J 

Marie ; or, Glimpses of Life in France. By A. B. Ellis.^ 



Siu'fflWc 

for 
Standards 
II. * III. 



Standards 
IV, & V, 



Is. 



Poetry for Boys. By D. Miinro. Is, 

Southey's Life of Nelson. (Abridged.) Is, 

Life of the Duke of Wellington, withMaps and Plans. Is, 

The Romance of the Coast. By J. Bunciman. 

[In ilit "press. J 
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